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ABSTRACT 

This report i s  designed t o  s e r v e  a s  a u s e r ' s  d e s c r i p t i o n  

and gu ide  t o  a gene ra l  program for  gene ra t ing  p a t t e r n s  of 

ove r s t ruck  alphanumeric c h a r a c t e r s .  The program philosophy 

and d a t a  p repa ra t ion  s e c t i o n s  a r e  intended t o  enable  a u s e r  

t o  prepare d a t a  f o r  t h e  genera t ion  o f  p a t t e r n s  a p p r o p r i a t e  

t o  h i s  p a r t i c u l a r  needs. 

Appendix 1 con ta ins  a sample se t  of p a t t e r n s  genera ted  

b y  t h i s  program. Appendix 2 is  a brief d e s c r i p t i o n  of t h e  

main program and subrout ines  intended for  use  b y  programmers 

for  mod i f i ca t ion  and/or extension.  

The progra,- is w r i t t e n  i n  FORTRAN I1 for  use  under IBSYS; 

it has been ex tens ive ly  t e s t e d  on t h e  7090. 
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I n t r o d u c t i o n  & Research Proqram 

The processes of p i c t o r i a l  da ta  a n a l y s i s  and p a t t e r n  
r e c o g n i t i o n  by computers p r e s e n t  many cha l l eng ing  problems 
t o  t h e  s c i e n t i s t  and engineer .  
t o  pe rce ive  and ' recognize '  p a t t e r n s  and p i c t u r e s  i n  "real  
t i m e "  appears  t o  depend upon c e r t a i n  special purpose i n f o r -  
mation process ing  mechanisms which a r e  f a r  f r o m  be ing  under- 
s tood .  

The human o b s e r v e r ' s  a b i l i t y  

The d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  of a p a t t e r n  may be 
found i n  a specific po r t ion  r a t h e r  than  the  p a t t e r n  a s  a 
whole. A " p a t t e r n "  i n  a p i c t u r e  can be d i sc r imina ted  from 
t h e  rest  of t h e  p i c t u r e  b y  p r o p e r t i e s  of luminance d i s t r i b u t i o n ,  
h ighe r  order s t a t i s t i c a l  d i s t r i b u t i o n s  of t h e  occurrence of 
w h i t e ,  b l a c k ,  or gray  p o r t i o n s ,  e tc .  To measure r e c o g n i t i o n  
data  f r o m  p i c t u r e s ,  f i g u r e s  must f i r s t  be e x t r a c t e d  from 
t h e  p i c t u r e .  I n  many p a t t e r n  r e c o g n i t i o n  s i t u a t i o n s ,  there 
i s  a h igh  degree  of f i g u r e  s t a n d a r d i z a t i o n  i n  t e r m s  of 
luminance (b l ack  or w h i t e ) ,  o r i e n t a t i o n ,  and s i z e .  However, 
i n  many photo i n t e r p r e t a t i o n  s i t u a t i o n s  t h e r e  may be l i t t l e  
s t a n d a r d i z a t i o n ,  and p a t t e r n s  are  perceived a s  a r e s u l t  of 
t h e  human o b s e r v e r ' s  a b i l i t y  t o  perform h igh ly  complex data  
a n a l y s e s .  

A number of r e c e n t  automatic p h o t o / i n t e r p r e t a t i o n  
s t u d i e s  such as desc r ibed  by H o l m e s ,  e t  a1 (1962) have de- 
voted c o n s i d e r a b l e  e f fo r t  t o  t h e  f i g u r e  e x t r a c t i o n  problem. 
Attneave (1954) and o t h e r s  have shown t h a t  t h e  important  
in format ion  elements  fo r  human r e c o g n i t i o n  of c e r t a i n  
classes of p a t t e r n s  are t o  be found a t  the contours  of p a t t e r n s .  
J u l e s z  (1962) has  demonstrated how aspects of contour  
r e c o g n i t i o n  can be i n v e s t i g a t e d  by the  g e n e r a t i o n  of b l a c k  
and whi te  p a t t e r n s  w i t h  known s t a t i s t i c a l  c h a r a c t e r i s t i c s .  
Many of t h e s e  i n v e s t i g a t o r s  have i n d i c a t e d  t h a t  c e r t a i n  
measures of the redundancy of areas w i t h i n  a p i c t u r e  ( o r  
measures obta ined  f r o m  c r o s s - c o r r e l a t i o n  techniques  between 
a mask shaped l i k e  t h e  f i g u r e  and t h e  p i c t u r e ,  Holmes, 
e t .  a l .  (1962))do  r e s u l t  i n  t h e  i d e n t i f i c a t i o n  of contours  o r  
f i g u r e s  w i t h i n  a p i c t u r e .  

The p r e s e n t  i n v e s t i g a t i o n s  are designed t o  correlate 
p h y s i c a l  parameters w i t h  measures of human d i s c r i m i n a t i o n  of 
cou tour s  w i t h i n  p a t t e r n s .  The class of p a t t e r n s  used are 
s imi l a r  t o  those  described by J u l e s z  (1962) ,  i n  which a 
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computer program generates  a mat r ix  of c e l l s  which a r e  b l ack  
o r  white.  The parameters chosen f o r  t h e  i n i t i a l  experiments 
a r e  those  of the h igher  order  p r o b a b i l i t y  d i s t r i b u t i o n s  of 
b l ack  o r  w h i t e  c e l l s  i n  a matr ix .  J u l e s 2  (1962)  has  shown 
t h a t  changes i n  higher  order  p r o b a b i l i t y  d i s t r i b u t i o n s  can 
in t roduce  an i d e n t i f i a b l e  change i n  contour .  I n  s t u d i e s  of 
human p a t t e r n  recogni t ion ,  Anderson and Leonard (1958) have 
shown t h a t  q u a l i t a t i v e l y  d i f f e r e n t  k inds  of dependencies i n  
a p a t t e r n  may h inder  human recogn i t ion  r a t h e r  t han  enhance 
it. 

The computer program descr ibed  here was designed t o  
gene ra t e  c l a s s e s  of p a t t e r n s  t o  be used i n  human recogn i t ion  
tests. Experimental  i n v e s t i g a t i o n s  w i l l  determine what 
c h a r a c t e r i s t i c s  of higher o rde r  dependencies among b lack  
and/or white  cel ls  i n  a mat r ix  r e s u l t  i n  d i sc r imina t ion  of 
contour  and/or t e x t u r e  changes wi th in  a p a t t e r n .  

The  computer program e n t i t l e d  MATTYwas o r i g i n a t e d  and 
r e v i s e d  a t  the Computer Science Center i n  order  t o  more 
e f f i c i e n t l y  genera te  the  c l a s s e s  of p a t t e r n s  d e s i r e d  f o r  
the planned experimental  program. 
be i n v e s t i g a t e d  a r e  those of changes i n  the p r o b a b i l i t y  
d i s t r i b u t i o n s  of run lengths  (of b l ack  o r  w h i t e  ce l ls)  
while  ho ld ing  t h e  ze ro  order p r o b a b i l i t y  of any ce l l  be ing  
b l ack  o r  w h i t e  cons tan t  a t  k. 

T h e  f irst  parameters  t o  
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PROGRAM PHILOSOPHY, MATTY VERSION I11 

The program was designed t o  be as v e r s a t i l e  as p o s s i b l e .  
That i s ,  t h e  program i s  capable  of gene ra t ing  series of 
p a t t e r n s  f o r  d i f f e r e n t  r e sea rch  approaches t o  t h e  problem 
of p a t t e r n  d i s c r i m i n a t i o n  us ing  s y n t h e t i c a l l y  genera ted  
p a t t e r n s .  It i s  hoped t h a t  one o r  more of t h e s e  r e sea rches  
w i l l  y i e l d  a useab le  unidimensional measure of t h e  
d i s c r i m i n a b i l i t y  of c e r t a i n  classes of p a t t e r n s  by human 
and/or infrahuman s u b j e c t s .  

The basic program produces two p a t t e r n s  of alphanumeric 
c h a r a c t e r s .  The t w o  p a t t e r n s  are  p r i n t e d  o u t  s imultaneously 
as  t h e  l e f t  and r i g h t  po r t ions  of  a cont inuous f i e l d  
( i . e . ,  t h e  r i g h t  margin of t h e  l e f t  p a t t e r n  i s  a t  t h e  l e f t  

margin of t h e  r i g h t  pa t t e rn ) .  Each c h a r a c t e r  p o s i t i o n  of 
each p a t t e r n  may c o n t a i n  f r o m  0 t o  8 c h a r a c t e r s  p r i n t e d  
one upon t h e  o t h e r  ( o v e r s t r u c k ) .  The presence of a s e t  of 
o v e r s t r u c k  c h a r a c t e r s  o r  a b l ank  a t  any p o s i t i o n  of t h e  
p a t t e r n  (MATT) i s  determined as a func t ion  of t h e  p r o b a b i l i t y  
d i s t r i b u t i o n  or o t h e r  c o n t r o l  provided by t h e  u s e r ,  
and/or a n  i n t e r n a l  random number g e n e r a t o r .  

The parameters c o n t r o l l e d  by t h e  main program are t h e  
"run lengths ' '  of t h e  overs t ruck  c h a r a c t e r s  o r  t h e  b lanks  on 
a s i n g l e  l i n e .  The run length  i s  de f ined  as  t h e  number of 
a d j a c e n t  p o s i t i o n s  of ove r s t ruck  c h a r a c t e r s  ( t h e  'Black '  
run  l e n g t h ) ,  or  t h e  number of a d j a c e n t  p o s i t i o n s  of b l anks ,  
( t h e  'White '  run l e n g t h ) .  The Black run l e n g t h s  a l t e r n a t e  

w i t h  t h e  White run l eng ths ,  t h e  f i n a l  run  l e n g t h b e i n g  
t r u n c a t e d  a t  t h e  margins.  Each l i n e  (row) i s  independent ly  
gene ra t ed ,  and t h e  p r o b a b i l i t y  of any l i n e  beginning e i t h e r  
w i t h  a Black run or a White run i s  1/2. The p r o b a b i l i t y  
governing t h e  l e n g t h s  of  both t h e  Black and White runs  i s  
independent ly  c o n t r o l l a b l e  by t h e  u s e r  f o r  b o t h  t h e  r i g h t  
and l e f t  p a t t e r n s .  The p r o b a b i l i t y  of any run l e n g t h  may 
be v a r i e d  i n  increments  of  1/4 or 1/3, and t h e  run l eng ths  
themselves  may vary from 1-4 a d j a c e n t  p o s i t i o n s .  

The r i g h t  p o r t i o n  (Right Bank) of t h e  p a t t e r n  may be 
gene ra t ed  independent ly  of t h e  l e f t  p o r t i o n  ( L e f t  Bank) of 
the p a t t e r n ,  or  it may be genera ted  as a f u n c t i o n  of t h e  
L e f t  Bank p a t t e r n .  The l a t t e r  c a p a b i l i t y  i s  provided 
through a subrou t ine  access or ' g a t e '  t o  t h e  main program 
which provides  for  up  t o  56 s p e c i a l  r o u t i n e s .  ( I n  f a c t ,  
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only a ' R i g h t '  bank p a t t e r n  need be gene ra t ed . )  The s i z e  
and/or p o s i t i o n  of each p a t t e r n  may be v a r i e d  w i t h i n  t h e  
o v e r a l l  MATT s i z e  l i m i t  of 80 l i n e s  by 1 2 0  columns. S ince  
t h e  a c t u a l  number of o v e r s t r i k e  c h a r a c t e r s  appearing a t  
each  MATT coord ina te  i s  i n d i v i d u a l l y  c o n t r o l l a b l e ,  pro- 
gram c a p a c i t y  e x i s t s  f o r  gene ra t ing  p a t t e r n s  of shades of 
g rey  independently o f ,  or i n  con junc t ion  wi th ,  t h e  run  
l e n g t h  c o n t r o l .  

A sample se t  of 2 1  p a t t e r n s  i s  inc luded  i n  Appendix 1. 
The r i g h t  h a l f  of t h e  matr ix  of t h e s e  p a t t e r n s  d i f f e r s  from 
t h e  l e f t  h a l f  by changes i n  t h e  p r o b a b i l i t y  d i s t r i b u t i o n s  
of b l a c k  and w h i t e  runs  of 1, 2 ,  3 ,  and 4 cel ls .  The Mean 
run  l e n g t h  (x) i s  t h e  s t a t i s t i c a l  average of b o t h  b l a c k  and 
w h i t e  runs .  
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- D a t a  P repa ra t ion  

' 0  

0 

The data  f o r  t h i s  program are d iv ided  i n t o  l o g i c a l l y  
and f u n c t i o n a l l y  independent u n i t s  ca l led  Jobs. Each Job 
g e n e r a t e s  a series of  MATTS ( r e c t a n g u l a r  p a t t e r n s  of  over- 
s t r u c k  alphanumeric characters) which are a func t ion  of t h e  
Job d a t a .  The to ta l  of a l l  t h e  Jobs submit ted for  computation 
a t  any one t i m e  i s  c a l l e d  a Pass .  I n  theory ,  any number of 
Jobs may be submit ted a t  any one t i m e  ( i . e . ,  t h e  Pass l e n g t h  
is  u n l i m i t e d ) .  However, MATTY i s  n o t  set  up  t o  handle  more 
than  seven tapes ( inc luding  t h e  system tape) convenient ly .  
(A f e a t u r e  incorpora ted  t o  handle  unl imi ted  Passes i s  
desc r ibed  under N CTRL C a r d  B37(4) . )  The u s e r  should keep a 
r eco rd  of how much tape i s  t o  be used on each u n i t .  Other- 
w i s e ,  a tape may be f i l l e d  t o  i t s  End of Tape Mark, a t  which 
p o i n t  FORTRAN I1 under IBSYS w i l l  c a u s e ' t h e  program t o  pause 
and ind icake  t o  t h e  opera tor  t ha t  ano the r  tape reel  i s  re- 
qu i r ed .  H o w e v e r ,  t h i s  is n o t  the recommended procedure t o  
f o l l o w  for  Passes r equ i r ing  more than  one tape. (For f u r t h e r  
in format ion  about  tape handl ing,  see t h e  remarks under t h e  
appropriate N CTRL c a r d  code s e c t i o n s  b e l o w . )  

The Jobs are s tacked one behind t h e  o t h e r  a f t e r  t h e  
* DATA System c a r d .  The order  o f  t h e  Jobs determines t h e  
o r d e r  i n  which the ou tpu t  is genera ted .  The Job numbers are  
i n t e r n a l l y  ass igned  by MATTY. Each P a s s  should end w i t h  a 
DATA END c a r d ,  prepared as desc r ibed  la te r .  I f  on ly  system 
tapes are be ing  used, the DATA END ca rd  i s  normally o p t i o n a l  
(un le s s  SENSE SWITCH 5 i s  i n  u s e  a t  t h e  u s e r ' s  l o c a t i o n ) .  I f  
off-system tapes are be ing  used, the  Pass mi~st end with the 
DATA END c a r d ,  or t h e  program w i l l  n o t  pause t o  permit t h e  
operator t o  dismount tapes .  

Each Job i s  composed of f r o m  two t o  f o u r  l o g i c a l l y  in -  
dependent kinds)  of d a t a .  These are: N CTRL Card (one c a r d ) ,  
P DATA c a r d ( s )  (one t o  twenty-six c a r d s ) ,  FOGVEC c a r d ,  and 
RANDNO c a r d -  (one c a r d ) .  The i n c l u s i o n  of FOGVEC and RANDNO 
c a r d s  af ter  t h e  f i r s t  Job is a t  t h e  u s e r ' s  op t ion  b u t ,  i f  
inc luded ,  t h e  proper code must be en te red  on t h e  N CTRL card :  
otherwise, they  are ignored and a spur ious  Abrupt Program 
Terminat ion (APT) error output  i s  genera ted .  ( I n  t h i s  case, 
the APT does n o t  normally i n t e r r u p t  the logical  f l o w  of the 
program, b u t  simply slows it down.) A FOGVEC and a RANDNO ca rd  
must be included w i t h  the f i r s t  Job, or t h e  f i r s t  Job and 
a l l  of the fo l lowing  Jobs t o  t h e  n e x t  Job w i t h  a FOGVEC and 
a RANDNO ca rd  are ab rup t ly  te rmina ted .  I f  any FOGVEC or 
RANDNO ca rd  is  d e f e c t i v e ,  a l l  fo l lowing  Jobs t o  t h e  n e x t  Job 



e. Job 2 

DATA END CARD 

( RANDNO ( O p t i o n a l  A f t e r  Job 1) f 
& & ‘ E C  ( O p t i o n a l  A f t e r  Job 1 )  

1 

P DATA C a r d ( s )  1 ((- N CTFU CARD 

FOGVEC 

P DATA C a r d ( s )  

d. Job 1 

I YN CTRL CARD 
C. * D a t a  

b. 4 P r o g r a m  

a .  f i & t e m  C a r d s )  

(System Cards) 

FIGURE 1. ORDER O F  CARDS IN A PASS 
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wi th  a v a l i d  FOGVEC or RANDNO ca rd  are a b r u p t l y  te rmina ted .  
S ince  a l l  d a t a  c a r d s  ( w i t h  t h e  except ion  of t h e  DATA END 
c a r d )  are  i d e n t i f i e d  by t h e  code name en te red  i n  ca rd  columns 
67-72, t h i s  code name must appear on a l l  d a t a  c a r d s  e x a c t l y  
as desc r ibed .  The order of t h e  d a t a  c a r d s  i n  t h e  Job i s  
c r i t i c a l :  i f  t h e  c a r d s  a re  o u t  of o r d e r  (except  as noted be- 
low f o r  t h e  P DATA c a r d s ) ,  an  APT r e s u l t s ,  and t h e  program 
procedes t o  t h e  nex t  Job ( u n l e s s  t h e  N CTRL ca rd  i s  coded f o r  
a Kickout If Error  I n  Job, i n  which case t h e  P a s s  i s  ter-  
minated '  a t  t h a t  p o i n t )  . 

The o r d e r  of Cards i n  a Pass (See Figure  1) 
a .  System Cards 
b. Program 
c .  System Cards (* DATA) 
d .  Job 1 N CTRL Card 

P DATA C a r d ( s )  
FOGVEC Card 
RANDNO Card 

e .  Job 2 N CTRL Card 
P DATA Card ( s )  
FOGVEC Card (Optional  a f t e r  Job 1) 
RANDNO Card (Optional  a f t e r  Job 1) 

f .  same as e 

g.  D a t a  End Card 

A .  N CTRL Card (Table 1 lists a l l  codes 1 

The N CTRL ca rd  i d e n t i f i e s  t h e  beginning of each Job, 
and may n o t  be omit ted even.. if  it c o n t a i n s  no N CTRL d a t a  
( i . e . ,  i s  b l ank  except  for ca rd  columns 67-72). I n  t h e  event  
o f  an APT, t h e  program searches  f o r  t h e  nex t  N CTRL ca rd  i n  
o r d e r  t o  read  i n  t h e  nex t  Job. I f  an N CTRL ca rd  causes  t h e  
APT ( for  example, i f  it i s  a t  t h e  P DATA s t a t i o n  of t h e  pre- 
ceding  Job, it is neve r the l e s s  recognizes  as t h e  beginning 
of t h e  nex t  Job. The N CTRL ca rd  must be very c a r e f u l l y  
prepared ,  a s  v i r t u a l l y  every p o s i t i o n  on the c a r d  is  used 
t o  c o n t r o l  s o m e  p o r t i o n  of t h e  program, and each d i f f e r e n t  
number produces a d i f f e r e n t  e f f e c t .  I n  some cases, t h e  
same f i e l d  i s  used fo r  d i f f e r e n t  k inds  of d a t a  depending 
upon c o n t r o l  code e n t r i e s  i n  o t h e r  p o r t i o n s  of t h e  ca rd .  If 
the N CTRL c a r d  c o n t a i n s  no d a t a  i n  columns 1-66, a basic 
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se t  of p a t t e r n s  of maximum dimensions i s -produced .  Figure 2 
shows a t y p i c a l  F ina l  Output p r i n t i n g  of t h e  da t a .  

BOOLEAN CODES. Many of t h e  N CTRL Card columns shown i n  
Table 1 a r e  preceded by a B. This  means t h a t  the decimal num- 
ber punched i n  t h a t  column is  considered as a Boolean command 
and i s  i n t e r p r e t e d  according t o  b inary  l o g i c .  This enables  
many more con t ro l  funct ions t o  appear on one card and s impli-  
f i e s  t h e  i n t e r n a l  program c o n t r o l .  The Boolean commands oper- 
a t e  a s  follows: a 1 punch is  i n t e r p r e t e d  as command 1 only,  
a 2 punch as command 2 only,  a 4 punch a s  command 4 only,  and 
an 8 punch as command 8 only. A 3 punch i s  i n t e r p r e t e d  a s  
commands 1 and 2 ,  a 5 punch a s  commands 1 and 4 ,  a 9 punch a s  
commands 1 and 8 ,  a 6 punch a s  commands 2 and 4 ,  and a 7 punch 
is i n t e r p r e t e d  a s  commands 1, 2 ,  and 4. Thus, f o r  example, 
i f  a 7 punch appears i n  N CTRL card  column 30, t h e  M a t t  Head 
and Matt P r in tou t  a r e  both suppressed, and t h e  program checks 
f o r  Looping I n  The  Random Number Generator.  ( A  t y p i c a l  Matt 
Head is  shown i n  Figure 3 . )  Also, it i s  not  poss ib l e  t o  Suppress 
The F ina l  Output i f  e i t h e r  (or  bo th)  a New Fogvec o r  a New 
Randno a r e  commanded t o  be read  i n  by a 2 ,  4 ,  6 ,  o r  7 i n  N CTRL 
card  column 34. (A 7 punch w i l l  a l s o  Suppress t h e  I n i t i a l  
Output. ) 

It should be noted t h a t  only those  N CTRL card  columns 
preceded by B a r e  in t e rp re t ed  a s  conta in ing  Boolean commands. 
Thus, a 3 i n  N CTRL card column 1 i s  i n t e r p r e t e d  simply a s  a 
3. Note a l s o  t h a t  no more than  one number may be punched i n  
any one of N CTRL card  columns 1-66. I f  a Boolean 1, 2 ,  and 
4 are tc be entered  in a single column, ~ n l y  the single n13.m- 
ber 7 should be punched in  t h a t  column. A mul t ip le  punch 
i n  N CTRL columns 1-66 causes an EXEM Kickout. 

N CTRL CARD CODES. For an explana t ion  of t h e  use of 
N CTRL card  columns 1 through 26, see N CTRL Codes B27(2),  
B27(4),  B38(2),  B 3 8 ( 4 ) ,  and B31(1).  

B 2 7 ( 1 ) .  Reverse Black and White Runs, Lef t  Bank. I f  
column 27 does not  contain Boolean 1, index LX c o n t r o l s  t h e  
d i s t r i b u t i o n s  f o r  the L e f t  Bank Black Runs and LY c o n t r o l s  t h e  
d i s t r i b u t i o n s  f o r  the Left Bank White Runs. (This Run refers 
t o  t h e  run of b lack  or  w h i t e  blocks which v a r i e s  from 1 t o  4 . )  
For each P DATA ca rd ,  a l l  p o s s i b l e  combinations (of t h e  pro- 
b a b i l i t y  d i s t r i b u t i o n s  appearing on a s i n g l e  P DATA ca rd )  
of Black and White Runs a r e  generated by s tepping  index LY 
down one f o r  each M a t t  generated,  and s tepping  index IX 
down one and r e se t t i ng  index LY each t i m e  index LY goes 



Table 1. N CTRL CARD CODES FOR MATTY I11 

CARD 
COL FUNCT I ON N CTRL 

NO. 

Columns 1 Through 26 A r e  For N CTRL S t a r t i n g  

Lef t  Bank = 1 - 13 Right Bank = 14 - 26 
( O = U s e  Computed Max, 1-5 W i l l  Readin, 7=0) 

Di s t r ibu t ions  LL 1-26 

I f  SUBROUTINE SYMTRY Is Called,  The Symtry 
Routines Desired A r e  Read A s  Boolean Commands 
From Columns 14 Through 26. 

B 2 7  (1) 
B27 ( 2 )  

B 2 7  ( 4 )  

B27 (8) 
B 2 8  (1) 
B 2 8  ( 2 )  
B 2 8  ( 4 )  
B 2 8  (8) 

B30 (1) 
B30 ( 2 )  
B30 ( 4 )  
B30 (8) 
B31 (1) 
B31 (2) 
B31 ( 4 )  

B32 (1) 
B32 ( 2 )  
B32 (4)  
B32 (8) 

33 -6- 
33 -7- 
33 -8- 

29 

n9.l 
031 (8) 

33 -9- 
B34 (1) 
B34 ( 2 )  
B34 (4)  
B34 (8) 

35 
36 

Reverse Black And White Runs, Lef t  Bank 
N CTRL Takeover, LB Black Run S t a r t i n g  

N CTRL Takeover, LB White Run S t a r t i n g  
D i s t r i b u t i o n  

D i s t r i b u t i o n  

RB W i l l  Run 
Generate LB From Lef t  To Right 
Generate RB From Right To Lef t  

Suppress MATT Head 
Suppress MATT (P r in tou t  Only) 
Check For Looping I n  Random Number Generator 
Suppress MATT (MATT Generation And P r i n t o u t )  
Call SYMTRY (No RB P DATA) 
Suppress P robab i l i t y  L i m i t  Check 
Suppress RB P robab i l i t y  Check 

MATT Height Control 
Kickout I f  MATT Count Overflows 
Kickout I f  E r r o r  I n  Job 

Suppress All Prsbability Check 

MATT Width Control 
MATT Width Control,  Right Margin + 100 
MATT Width Control,  Right Margin And 

MATT Width Control,  A l l  Margins + 100 
Suppress I n i t i a l  Output 
U s e  New RANDNO 
U s e  New FOGVEC 
Suppress F i n a l  Output 
NTAPOU = P r i n t  Output Tape Number (0=6) 
KTAPOU = Punch Output Tape Number (0=7) 

Intermargin + 100 

2 7  I 

2 7  

2 7  
2 7  
2 8  
2 8  
2 8  
28 
29 
30 
30 
30 
30 
31 
31 
31 

32 
32 
32 
32 
33 
33 

I 

21 e- 
l 

~ 

33 
33 
34 
34 
34 
34 
35 
36 



Table 1. Continued 

CARD N CTRL 
NO. 

37 
37 
37 
37 
38 

38 

38 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

COL 

0 
B37 
B37 
B37 
B37 
B38 
B38 

B38 

B38 
39 
40 
4 1  

42-43 
44-45 
46-47 
48-49 
50-51 
52-53 
54-55 
56-57 
58-59 

0 
60-62 
63-66 
67-72 

P e r m i t  Unequal  FOGVEC Words 
Save MATT Count, Add NC(52), And Continue 
Mount Additional Tape Sec t ion  ( P r i n t  Output) 

Reverse Black And White Runs, Right Bank 
N CTRL Takeover, RB Black Run S t a r t i n g  

N CTRL Takeover, RB White Run S t a r t i n g  
D i s  t r  i b t u t i o n  

D i s t r i b u t i o n  

Number O f  Endf i les  A t  Job End O f  Off-System 
Pr in t ed  Output 

Right MATT Margin 
L e f t  MATT Margin 
MATT Intermargin 
MATT F i r s t  P r i n t  Line 
MATT F i n a l  P r i n t  Line 

MATT L i m i t  (0=4) 
MATT Count  Begin After  N o .  = 
I D  N a m e  

LEGEND 

-6- D e c i m a l  N u m b e r  
( 2 )  Boolean Number 
LB L e f t  Bank 
RB Right Bank 
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LEGEND FOR F I N A L  OUTPUT DATA, F I G U R E  2 

1. 
appear  on t h e  ca rd :  
M = mean; MN = mean number. 
2 .  
t i m e s  4 )  conta ined  i n  P DATA ca rd  columns 21-22 .  
3. The e n t r y  pos i t ions  of t h e  P DATA ca rds  i n  t h e  LL Vector 
(en tered  i n  t h e  o r d e r  they are read  i n ,  except  t h a t  t h e  
P DATA c a r d s  f o r  t h e  Right Bank beg in  a t  LL Vector p o s i t i o n  
1 4 ) .  
4. These e n t r i e s  a r e  taken from P DATA ca rd  columns 1-4 
for  Di s t r ibu t ion -1 ,  5-8 fo r  D i s t r ibu t ion -2 ,  e tc .  Each is  a 
s e t  of p r o b a b i l i t y  numbers used t o  c o n t r o l  t h e  g e n e r a t i o n  
of  1 or more p a t t e r n s  for  the L e f t  or Right Bank. 
5. The f irst  group of l e t t e r s  r e p r e s e n t s  t h e  L e f t  Bank 
O v e r s t r i k e  Word ( t h e  con ten t s  of FOGVEC card  columns 41-48) ; 
t h e  second group represents t h e  Right Bank Over s t r ike  Word 
( t h e  c o n t e n t s  of FOGVEC card columns 49-56). 
6 .  The c o n t e n t s  of NC Vector p o s i t i o n s  27-52. Note: t h e s e  
numbers do n o t  r e p r e s e n t  N CTRL ca rd  columns, b u t  are the 
V e c t o r  numbers appearing i n  t h e  r i g h t  hand column of TABLE 1. 
7.  The c o n t e n t s  of LL Vector p o s i t i o n s  1-26, which are 
l i s t e d  only i f  an N CTRL takeover  i s  i n d i c a t e d  or  SUBROUTINE 
SYMTRY i s  c a l l e d .  The f i r s t  13 p o s i t i o n s  show t h e  number of 
d i s t r i b u t i o n s  punched i n t o  t h e  L e f t  Bank P DATA ca rds  en te red  
a t  t h e  corresponding IBNK l o c a t i o n ;  t h e  second 1 3  p o s i t i o n s  
(14-26) show t h e  number of d i s t r i b u t i o n s  punched i n t o  t h e  
Right  Bank P DATA ca rds .  
8. The c o n t e n t s  of N CTRL Card columns 1-26, which a re  
l i s t e d  only i f  an N CTRL takeover  i s  i n d i c a t e d ,  o r  SUBROUTINE 
SYMTRY i s  c a l l e d .  These numbers are used as t h e  s t a r t i n g  
d i s t r i b u t i o n  numbers (a 7 punch is  i n t e r p r e t e d  as a 0 ;  a 0 
punch, or  a b l ank  f o r c e s  t h e  corresponding va lue  from t h e  
LL V e c t o r  t o  be u s e d ) .  
9. The d a t a  p e r t a i n i n g  t o  t h e  random number generator,  which 
are  l i s t e d  only i f  t h e  random number g e n e r a t o r  has  been used 
i n  t h e  Job. The t h e o r e t i c a l  E ( X )  of  IRA, t h e  random numbers 
(which vary between 0 and 3 ) ,  i s  1.5.  The d i f f e r e n c e  

between t h e  T h e o r e t i c a l  E ( X )  and Observed E ( X )  i s  shown and 
i s  an  i n d i c a t i o n  of t h e  average error of t h e  random number 
g e n e r a t o r .  A number g r e a t e r  t han  0 f o r  t h e  o p t i o n a l  XIRAN 
Loop check i n d i c a t e s  the l e n g t h  of t h e  l o o p  genera ted ,  i f  it 
is less than  or equa l  t o  t h e  number of XIRAN ca l l s .  
10 .  The f irst  and l a s t  Matt numbers are  always l i s t e d ,  b u t  
may run  t o  999,999, whereas t h e  a c t u a l  Matt  Head numbers a r e  
l i s t e d  modulo 10 ,000 .  

P r i n t o u t  of L e f t  Bank P DATA ca rd  d i s t r i b u t i o n s  a s  they 
P = p r o b a b i l i t y ;  PN = p r o b a b i l i t y  number; 

The MEAN i s  a c t u a l l y  the  Mean number (Mean run l e n g t h  
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t o  0 .  Index LX and LY a r e  both  normally i n i t i a l l y  set  t o  t h e  
number of t h e  r igh tmost  d i s t r i b u t i o n  appearing on t h e  appro- 
p r i a t e  L e f t  Bank P DATA c a r d .  (However, t h e s e  i n i t i a l  
s e t t i n g s  may be a l t e r e d  by N CTRL commands B27(2) and B27(4) . )  
I f  a Boolean one (dec imal  1 ,3 ,5 ,7 ,  or 9 )  appears i n  N CTRL 
ca rd  column 27,  index LX i s  g iven  c o n t r o l  of t h e  d i s t r i b u t i o n s  
f o r  t h e  L e f t  Bank white Runs and index LY is  g iven  c o n t r o l  
of t h e  d i s t r i b u t i o n s  f o r  the L e f t  Bank Black Runs. S ince  
t h e  s tepping  of t h e  indexes remains t h e  same, t h e  o rde r  of change of 
t h e  Black and White Run Lengths  i s  r eve r sed .  

I f  t w o  Jobs are exac t ly  i d e n t i c a l  ( i nc lud ing  t h e  
FOGVEC L e f t  Bank word and RANDNO number) except  t h a t  one 
c o n t a i n s  a Boolean 1 i n  N CTRL ca rd  column 27 and t h e  o t h e r  
does n o t ,  then  t h e  L e f t  Banks of t h e  t w o  Jobs w i l l  be exac t  
' nega t ives '  of each o t h e r ,  i .e . ,  each white Run Length on t h e  
one w i l l  appear as a Black Run Length i n  t h e  corresponding 
l o c a t i o n  on t h e  o t h e r ,  and v i c e  ve r sa .  

B 2 7 ( 2 ) .  N CTRL Takeover, LB Black Run S t a r t i n g  D i s t r i -  
b u t i o n .  I t  i s  possible t o  res t r ic t  t h e  number of combinations 
of L e f t  Bank Black and White Run l eng ths  genera ted  f o r  a 
g iven  P DATA ca rd  i n  t h e  following way. I f  a Boolean 2 
(decimal 2 ,3 ,6  or 7 )  appears i n  N CTRL card  column 27,  t h e  

m a x i m u m  i n i t i a l  s e t t i n g  of index LX i s  taken from t h e  appro- 
p r i a t e  N CTRL c a r d  column 1-13, which corresponds t o  t h e  
o r d e r  of the L e f t  Bank P DATA cards ( i . e . ,  t h e  LX s e t t i n g  f o r  
t h e  t h i r d  P DATA ca rd  must appear i n  N CTRL ca rd  column 
t h r e e ) .  Thus, i f  t h e r e  a r e  5 d i s t r i b u t i o n s  on L e f t  Bank 
P DATA ca rd  7,  b u t  it i s  des i red  t h a t  t h e  d i s t r i b u t i o n s  f o r  
the Black Runs (assuming no Boolean 1 i n  N CTRL ca rd  column 
2 7 )  be r e s t r i c t e d  t o  t h e  le f tmost  3 only,  then  a 3 should 
be punched i n  N CTRL ca rd  column 7 ,  and a 2 o r  a 6 i n  column 
2 7 .  I n  such a case only 15  p a t t e r n s  would be genera ted  
( i n s t e a d  of t h e  normal 2 5 ) .  I f  it is d e s i r e d  t o  res t r ic t  
the d i s t r i b u t i o n s  t o  a r ightmost  set ,  then t h e  MATT L i m i t  
should be used t o  te rmina te  t h e  Job a f t e r  t h e  correct number 
of M a t t s  have been generated.  Suppose, i n  t h e  previous ex- 
ample, i t  w a s  d e s i r e d  t o  r e s t r i c t  t h e  d i s t r i b u t i o n s  f o r  t h e  
Black Runs t o  t h e  P DATA card d i s t r i b u t i o n s  2 through 4 in-  
c l u s i v e .  Then t h e  N CTRL card should have a 4 i n  column 
7, a 2 o r  a 6 i n  column 27,  and a 15 i n  columns 6 1  and 62. 
However, i f  t h e  MATT L i m i t  i s  used, t h e  s ize  of t h e  Job i s  
acco rd ing ly  r e s t r i c t e d ,  since t h e  e n t i r e  Job is terminated 
when t h e  MATT Count goes t o  15, and no o t h e r  P DATA card i s  
used (except  for  t h e  i n i t i a l  Right Bank g e n e r a t i o n ) .  
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I f  t h e  N CTRL card  column corresponding t o  a P DATA 
card  i s  blank o r  con ta ins  a ze ro  (and a Boolean 2 i s  i n  
N CTRL ca rd  column 2 7 ) ,  LX is  set t o  t h e  number of the 
r ightmost  d i s t r i b u t i o n  on t h e  P DATA ca rd  ( i . e . ,  t h e  Boolean 
2 i n  column 27 has  no e f f e c t  on t h a t  P DATA c a r d ) .  I f  a 7 
appears i n  one o r  more of columns 1-13, t h e  corresponding 
P DATA ca rd  i s  bypassed. I f  any column 1-13 con ta ins  a num- 
ber g r e a t e r  t han  t h e  number of d i s t r i b u t i o n s  on t h e  co r re s -  
ponding P DATA card ,  an Error Condit ion r e s u l t s .  I f  no 
Boolean 2 appears i n  N CTRL ca rd  column 2 7 ,  t h e  d a t a  i n  co- 
lumns 1-13 have no e f f e c t  upon index LX. 

B27(4).  N CTRL Takeover, LEI White Run S t a r t i n g  D i s t r i -  
bu t ion .  I f  a Boolean 4 (decimal 4,5,6, o r  7 )  appears i n  
N CTRL ca rd  column 27 ,  t h e  maximum i n i t i a l  s e t t i n g  of index 
LY is  taken from t h e  appropr ia te  N CTRL ca rd  column 1-13. 
For any columns 1-13 which a r e  blank o r  con ta in  ze ros ,  t h e  
maximum i n i t i a l  s e t t i n g  of LY is  t h e  number of t h e  r ightmost  
d i s t r i b u t i o n  on the corresponding P DATA card .  I f  any 
columns 1-13 con ta in  7 ' s ,  the corresponding P RATA ca rds  a r e  
bypassed. I f  any column 1-13 con ta ins  a number g r e a t e r  t han  
t h e  number of d i s t r i b u t i o n s  on t h e  corresponding P DATA 
c a r d ,  an Error  Condit ion w i l l  r e s u l t .  I f  no Boolean 4 appears 
i n  N CTRL ca rd  column 27, t h e  d a t a  i n  columns 1-13 have no 
e f f e c t  upon index LY. 

B 2 8 ( 1 ) .  RB W i l l  Run. I f  column 28 does not  con ta in  a 
Boolean 1, t h e  f i r s t  p a t t e r n  generated is a Right Bank pa t -  
t e r n  from d i s t r i b u t i o n s  on t h e  l a s t  Right Bank P DATA card .  
Then, a l l  p o s s i b l e  Lef t  Bank p a t t e r n s  a r e  generated and 
p r i n t e d  out  wi th  t h e  o r i g i n a l  Right Bank p a t t e r n  be fo re  
c o n t r o l  is  re tu rned  t o  the  Right Bank. However, t h e  Job i s  
te rmina ted  a t  t h a t  p o i n t  un less  a Boolean 1 appears i n  
N CTRL ca rd  column 28. 

I f  a Boolean 1 appears i n  column 2 8 ,  t h e  Right Bank 
Run Length d i s t r i b u t i o n s  change i n  a manner analogous t o  
t h o s e  f o r  t h e  Le f t  Bank, except t h a t  f o r  each Right Bank pa t -  
t e r n  genera ted ,  a l l  poss ib le  Lef t  Bank p a t t e r n s  a r e  gener- 
a t e d ,  Thus, t h e  requirement of a Boolean 1 i n  column 28 
i s  a safeguard a g a i n s t  excessive output .  

B 2 8 ( 2 ) .  Generate LB from L e f t  t o  Right.  I f  Column 
28  does no t  conta in  a Boolean 2 ,  each l i n e  i s  independent ly  
generated from t h e  Intermargin t o  t h e  o u t e r  margins. 
l i n e  begins  w i t h  a Black or a White Run (the p r o b a b i l i t y  of 
e i t h e r  be ing  one-half) :  t h e r e a f t e r ,  t h e  Black and White Runs 
a l t e r n a t e ,  t h e  l a s t  run  being t runca ted  a t  an ou te r  margin. 

Each 
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I f  a Boolean 2 appears  i n  N CTRL card  column 2 8 ,  t h e  l i n e s  
f o r  t h e  Le f t  Bank are generated i n  t h e  r eve r se  d i r e c t i o n ,  
from t h e  l e f t  Margin t o  the Intermargin,  and a r e  t runca ted  
a t  t h e  Intermargin.  

B28(4).  Generate RB From Right t o  Le f t .  I f  a Boolean 
4 appears  i n  N CTRL c a r d  column 2 8 ,  t h e  l i n e s  f o r  t h e  Right 
Bank are generated i n  the reverse  d i r e c t i o n ,  from t h e  Right 
Margin t o  t h e  Intermargin,  and are t runca ted  a t  t h e  I n t e r -  
margin. 

B30(1).  Suppress MATT Head. I f  a Boolean 1 appears  
i n  N CTRL card  column 30, t h e  e n t i r e  MATT Heading (except 
f o r  t h e  MATT number, i f  the MATT i s  not  a l s o  suppressed) i s  
suppressed. 

B30(2).  Suppress MATT (P r in tou t  Only).  I f  a Boolean 
2 appears  i n  N CTRL card column 30, t h e  MATTS a r e  not  p r i n t e d  
o u t ,  b u t  cont inue t o  be generated.  This command i s  u s e f u l  
for  gene ra t ing  t h e  MATT Heads s e p a r a t e l y  from t h e  MATTS, and 
a c c u r a t e l y  r ep resen t ing  the random numbers appearing i n  t h e  
Heading accompanying each Right Bank change (o r  Lef t  Bank 
change, i f  SUBROUTINE SYMTRY is c a l l e d ) .  Note t h a t  i n  t h i s  
cond i t ion  a page s k i p  occurs between Headings j u s t  p r i o r  t o  
each change of Right Bank p a t t e r n ,  otherwise they  a r e  suppressed. 
I f  bo th  the MATT Heading and t h e  MATT P r i n t o u t  a r e  suppressed, 
on ly  t h e  I n i t i a l  Output and t h e  F ina l  Output ( i f  t h e s e  a r e  
n o t  a l s o  suppressed) appear. There w i l l  be no blank pages 
between them. 

B30(4j . Check For Loopirig I n  Randzn? ?.?w&er G e n e r a t n r s -  
I f  a Boolean 4 appears  i n  N CTRL card  column 30, a simple 
check is made t o  see  i f  looping ( i . e . ,  r e p e t i t i o n  of a par-  
t i c u l a r  sequence of numbers) has  occurred wi th in  t h e  sequence 
of random numbers generated f o r  a Job. I f  looping has  occurred,  
the l eng th  of t h e  loop ( i . e . ,  t h e  number of 'random' numbers 
genera ted  be fo re  one is repea ted)  i s  p r i n t e d  out  i n  t h e  F ina l  
Output. 

B30(8) . Suppress Matt (Matt Generat ion and P r i n t o u t ) .  
A Boolean 8 ( a  decimal 8 o r  9 )  i n  N CTRL ca rd  column 30 
suppresses  both t h e  Generation and P r in tou t  of t h e  mTT, 
T h i s  command r e s u l t s  i n  a s l i g h t l y  f a s t e r  program execut ion 
than  a Boolean 2 i n  column 30, bu t  t h e  random numbers p r i n t e d  
o u t  i n  t h e  MATT Heads ( i f  t h e s e  a r e  not a l s o  suppressed)  a r e  
merely r e p e t i t i o n s  of t h e  s t a r t i n g  random number f o r  t h e  Job. 
(Note, however, t h a t  the Matt Count s t i l l  sequences c o r r e c t l y . )  
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B31(1) C a l l  Symtry (No RB P DATA).  For a f u l l  
d e s c r i p t i o n  of t h e  func t ion  of  SUBROUTINE SYMTRY, see t h e  
a p p r o p r i a t e l y  e n t i t l e d  sub-sect ion under Proqram Descr ip t ion ,  
Subrout ines .  A Boolean 1 in  N CTRL card  column 31 causes  
SUBROUTINE SYMTRY t o  be c a l l e d  and produces c e r t a i n  major 
mod i f i ca t ions  i n  t h e  opera t ion  of  t h e  Main Program. 
P r i n c i p a l  among t h e s e  is t h a t  t h e  P DATA fo r  t h e  Right Bank 
i s  n e i t h e r  read  i n  n o r  p r in t ed  o u t .  Consequently, i f  
SUBROUTINE SYMTRY is c a l l e d ,  t h e  Right  Bank P DATA must be 
omit ted,  or an APT w i l l  r e s u l t .  N CTRL ca rd  columns 14-26 
(normally used f o r  N CTRL Takeover, RB Black and/or White 
S t a r t i n g  D i s t r i b u t i o n  numbers) are used t o  c a l l  i n  t h e  
s p e c i f i c  Symtry Routines and are i n t e r p r e t e d  as Boolean 
commands ( i .e. ,  a 7 i n  column 26 w i l l  c a l l  i n  Symtry Routines 
1 ,2 ,and 4 ) .  A l l  Symtry Routines c a l l e d  f o r  are executed 
w i t h  each change of L e f t  Bank p a t t e r n .  .For a l i s t i n g  of t h e  
func t ion  of each Symtry Routine, see t h e  s e c t i o n  of t h i s  
report so e n t i t l e d .  I f  any Symtry Routine i s  c a l l e d  f o r  
which i s  n o t  a v a i l a b l e ,  an  E r r o r  Routine i s  i n i t i a t e d .  I f  
no Symtry Routine i s  c a l l e d  f o r  ( i .e. ,  ca rd  columns 14-26 
are  a l l  b l ank  or c o n t a i n  zeros)  and SUBROUTINE SYMTRY i s  
c a l l e d  (by a Boolean 1 i n  N CTRL ca rd  column 3 1 ) ,  only 
L e f t  Bank p a t t e r n s  are p r in t ed  ou t .  

B31(2) . Suppress P robab i l i t y  L i m i t  Check. I f  column 
3 1  does n o t  c o n t a i n  a Boolean 2 t h e  program checks a l l  
P DATA d i s t r i b u t i o n  numbers t o  see t h a t  they  cumulate t o  
4 ( i .e . ,  t h a t  f o r  a l l  non-zero d i s t r i b u t i o n s ,  t h e  f o u r t h  
d i s t r i b u t i o n  number is  4 ) .  However, i f  it is  d e s i r e d  t o  
u s e  p r o b a b i l i t y  changes of 1/3 ( i n s t e a d  of t h e  normal 1/4),  
t hen  t h e  d i s t r i b u t i o n s  should cumulate t o  3 ,  and a Boolean 
2 i n  N CTRL ca rd  column 31 suppresses  tne check of t h e  
f o u r t h  d i s t r i b u t i o n  number. 

B31(4).  Suppress RB P r o b a b i l i t y  Check. I n  a d d i t i o n  
t o  t h e  P r o b a b i l i t y  check noted above, P DATA d i s t r i b u t i o n s  
are  also checked t o  see t h a t  they uniformly cumulate t o  t h e  
r i g h t  and t h a t  they average t o  t h e  Mean. A l l  of t h e s e  
checks are omit ted for  the  Right  Bank i f  a Boolean 4 appears 
i n  N CTRL ca rd  column 31. ( N o t e :  it i s  n o t  necessary t o  
suppress  t h e  Right  Bank P robab i l i t y  Checks i f  SUBROUTINE 
SYMTRY is c a l l e d . )  

B31(8).  Suppress A l l  P r o b a b i l i t y  Check. A Boolean 8 
i n  N CTRL ca rd  column 3 1  suppresses  a l l  of  t h e  P r o b a b i l i t y  
Checks noted above for  a l l  P DATA for  t h e  Right  and L e f t  
Banks. However, i t  i s  s t i l l  necessary t h a t  some number ' 
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greater than 0 be en te red  f o r  t h e  Mean on the P DATA cards 
(columns 21-22), as a l l  P D A T A  cards w i t h  a ze ro  mean are 
ignored.  

B32 (1). MATT Height Cont ro l .  The basic MATT i s  50 
l i n e s  deep i f  t h e  system tape i s  be ing  used, and up  t o  80 
l i n e s  (depending upon the va lue  of JLL,  which i s  s e t  i n  
SUBROUTINE LIMITS) if a n  off-system t a p e  is  be ing  used. 
I f  smaller dimensions are d e s i r e d ,  t h e  F i r s t  and F i n a l  P r i n t  
Lines  may be set t o  any l i n e  i n  t h e  MATT w i t h i n  t h e  normal 
l i m i t s .  
t han  t h e  maximum noted above.The F i r s t  P r i n t  Line may no t  
exceed t h e  F i n a l  P r i n t  Line .  I f  a Boolean 1 appears  i n  
N CTRL ca rd  column 32, the  s e t t i n g  fo r  the  F i r s t  P r i n t  
Line i s  taken f r o m  N CTRL c a r d  columns 48-49, and f o r  t h e  
F i n a l  P r i n t  Line f r o m  columns 50-51 (which are read as 
f i e l d s ,  f o r  example, a 1 i n  48 and a b lank  i n  49 is  i n t e r -  
preted as F i r s t  P r i n t  Line equa l s  1 0 ) .  Both va lues  must 
appear; b l anks  are read as a ze ro  and an Error  Routine i s  
i n i t i a t e d  i f  e i t h e r  va lue  exceeds t h e  M a t t  Line L i m i t s .  

P r i n t  Lines  may n o t  be set less than 1 nor  g r e a t e r  

B32(2) Kickout If MATT Count Overflows. I f  a Boolean 2 
appears i n  N CTRL card column 32, the  P a s s  i s  terminated a t  
t h e  end of any Job i n  which t h e  number of MATTS genera ted  
i s  equa l  t o  t h e  va lue  en tered  i n  N CTRL card  columns 60-62, 
which are read as a s i n g l e  f i e l d .  I f  columns 60-62 are a l l  
b l ank ,  zero ,  or nega t ive ,  t h e  Kickout occurs  a f te r  any Job 
i n  which t h e  number of  MATTS genera ted  is  4 .  MATT Heads 
coun t  as MATTS i f  t h e  MATT P r i n t o u t s  are suppressed.  

B32 (4) Kickout If Error i n  Job. I f  a Boolean 4 
appears i n  N CTRL card  column 32, the  P a s s  i s  terminated 
a f te r  any Job i n  which a n  error has  been d e t e c t e d .  

33(6,7,8,9) MATT Width Cont ro l .  The basic MATT i s  120 
columns wide. The L e f t  Bank runs  f r o m  columns 1 t o  60 
i n c l u s i v e  and t h e  Right Bank f r o m  61 t o  120. The Intermargin 
i s  taken as t h e  r igh tmost  margin of t h e  L e f t  Bank. I f  a 
smaller M a t t  is  d e s i r e d ,  o r  i f  it is  d e s i r e d  t o  vary the  
p o s i t i o n  of t h e  Intermargin,  t h e  a p p r o p r i a t e  e n t r y  should 
appear i n  N CTRL ca rd  column 33. I f  a 6,7,8, or 9 appears  
i n  Column 33, the  s e t t i n g  for  t h e  Right Margin is  taken 
f r o m  N CTRL ca rd  columns 42-43, f o r  t h e  L e f t  Margin from 
columns 44-45, and f o r  the In te rmargin  f r o m  columns 46-47. 
I f  a 7 i s  used,  100 i s  added t o  t h e  va lue  taken f r o m  columns 
42-43; if an 8 i s  used, 100 i s  added t o  the va lue  taken from 
columns 42-43 and t o  the va lue  taken f r o m  columns 46-47; i f  
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a 9 is  used, 100 is  added to  each of t h e  va lues  read i n .  
(Thus, i f  it is d e s i r e d  t h a t  t h e  L e f t  Margin be a t  column 
15, t h e  Intermargin a t  100 ,  and t h e  Right  Margin a t  1 2 0 ,  
then  a 20 should appear i n  columns 42-43, a 15 i n  columns 
44-45, b l anks  or ze ros  i n  columns 46-47, and an 8 i n  
column 33.) A l l  va lues  m u s t  appear ,  b l anks  are read as 
zeros .  An Error Routine is i n i t i a t e d  i f  t h e  MATT Margin 
L i m i t s  are exceeded, i f  t h e  Intermargin i s  less than  t h e  
L e f t  Margin, or  i$ it is  g r e a t e r  than  or equa l  t o  t h e  
Right  Margin. 

B34(1) .  Suppress I n i t i a l  Output. I f  a Boolean 1 
appears i n  N CTRL ca rd  column 34, t h e  p r i n t i n g  of t h e  
I n i t i a l  Output is  omit ted.  

B34(2) .  U s e  New RANDNO. I f  it i s  d e s i r e d  t h a t  some 
Job a f te r  t h e  f i r s t  beg in  w i t h  a p a r t i c u l a r  random number, 
t hen  a RANDNO ca rd  should be included w i t h  t h a t  Job and a 
Boolean 2 i n  N CTRL ca rd  column 34 w i l l  c ause  it t o  be 
read  i n .  ( I f  a Boolean 2 appears  i n  column 34 and t h e  
RANDNO ca rd  i s  omit ted,  a n  APT r e s u l t s  f o r  t h a t  Job and f o r  
a l l  fol lowing Jobs t o  t h e  nex t  one wi th  a RANDNO ca rd .  I f  
a RANDNO ca rd  is  included wi th  a Job and t h e r e  i s  no Boolean 
2 i n  column 34, a s i n g l e  spur ious  APT r e s u l t s  which does n o t  
i n  any way i n t e r r u p t  t h e  l o g i c a l  f low of t h e  Pass . )  

B34(4) .  U s e  New FOGVEC. I f  it i s  - d e s i r e d  t h a t  some 
Job a f te r  t h e  f i r s t  beg in  w i t h  a new se t  of o v e r s t r i k e  
c h a r a c t e r s ,  then t h e  new FOGVEC ca rd  should be included 
w i t h  t h a t  Job and a Boolean 4 i n  N CTRL Card column 34 w i l l  
c ause  it t o  be read  i n .  ( I f  a Boolean 4 appears  i n  column 
34 and t h e  FOGVEC ca rd  is  omi t ted ,  an APT r e s u l t s  for  t h a t  
Job and fo r  a l l  fol lowing Jobs t o  t h e  r e x t  one w i t h  a FOGVEC 
c a r d .  I f  a FOGVEC ca rd  is included w i t h  a Job and t h e r e  i s  
no Boolean 4 i n  column 34, a spur ious  APT r e s u l t s  which 
does n o t  i n  any way i n t e r r u p t  t h e  l o g i c a l  f low of t h e  Pass 
u n l e s s  a RANDNO ca rd  w a s  a l s o  t o  have been read  i n  on t h a t  
Job. I n  such a case, s i n c e  t h e  APT caused by t h e  FOGVEC 
c a r d  causes  t h e  r ead in  of the RANDNO ca rd  t o  be bypassed, 
APTs r e s u l t  f o r  a l l  following Jobs t o  t h e  nex t  one wi th  a 
RANDNO ca rd . )  

B34(8) .  Suppress F ina l  Output. I f  a Boolean 8 appears  
i n  N CTRL c a r d  column 34, the p r i n t i n g  of t h e  F i n a l  Output 
i s  omit ted.  N o t e ,  the Error Diagnos t ic  Report  cannot  be 
suppressed;  if t h e  random number g e n e r a t o r  i s  used, t h e  in -  
formation p e r t a i n i n g  t o  it i s  p r i n t e d ;  and i f  an  o f f - sys t ep  
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t a p e  i s  be ing  used, t h e  f i r s t  and f i n a l  MATT numbers a r e  a l -  
ways noted on t h e  system tape.  

35. NTAPOU = P r i n t  Output Tape Number ( 0  = 6 ) .  The 
number i n  N CTRL card  column 35 determines t h e  l o g i c a l  num- 
ber of the t a p e  f o r  p r in t ed  output .  These numbers may not  
e x a c t l y  correspond t o  t h e  l o g i c a l  t a p e  numbers ( f o r  ex- 
ample, a t  t h i s  s i t e ,  t h e  number 1 i s  used t o  r e p r e s e n t  t a p e  
l o g i c a l  number 1 0 ) .  N o  system t a p e  may be operated through 
t h e  use of N CTRL card  column 35. I f  it i s  d e s i r e d  t h a t  
the p r i n t e d  output  appear on t h e  normal system t a p e  f o r  
p r i n t e d  ou tpu t ,  column 35 should be l e f t  blank o r  a ze ro  
may be punched i n  it, (This causes  t h e  output  t o  be w r i t t e n  
on t a p e  6 ,  which is t h e  system t a p e  f o r  p r i n t e d  output  a t  
t h i s  s i t e . )  

The f i r s t  t i m e  t h a t  any t a p e  u n i t  1s  c a l l e d  f o r  on a 
Pass ,  t h e  program automat ica l ly  genera tes  t h e  appropr i a t e  on- 
l i n e  opera tor  i n s t r u c t i o n s  f o r  mounting and l a b e l i n g  t h e  
t a p e ,  causes  t h e  program t o  pause,  and rewinds t h e  t a p e  upon 
r e s t a r t i n g .  The rea f t e r ,  each Job a l l o c a t e d  t o  t h a t  t a p e  is  
noted by an on-l ine p r i n t o u t ,  bu t  no opera tor  i n s t r u c t i o n s  
a r e  generated nor does t h e  program pause ( u n l e s s  an End of 
Tape mark is sensed) .  
P a s s ,  an on-l ine opera tor  message i s  generated i n s t r u c t i n g  
the ope ra to r  t o  save and  l a b e l  only t h e  t a p e s  l i s t e d  a t  t h a t  
p o i n t ,  which a r e  those  t apes  which have output  on them. 

I f  a DATA END card  t e rmina te s  t h e  

I f  off-system t a p e s  have been used and have output  on 
t h e m ,  t h e  program pauses a t  t h i s  junc ture  t o  permit  t h e  
ope ra to r  t o  dismount them. Otherwise,  it p r i n t s  ou t  a 
message t o  save no t a p e s  and does not  pause.  I f  an Error  
Routine is  i n i t i a t e d  f o r  any Job, t h e  Error  Output and 
F i n a l  Output a r e  w r i t t e n  on t h e  system t a p e ,  and t h e  o f f -  
system t a p e  i s  backspaced t o  i t s  p o s i t i o n  a t  t h e  s t a r t  of 
the Job, Hence, i f  a l l  of t h e  Jobs a l l o c a t e d  t o  an o f f -  
system t a p e  con ta in  errors, t h e  t a p e  i s  blank a t  t h e  end of 
the Pass. (Note: i f  the p r i n t e d  output  i s  a l r eady  a l l o c a t e d  
for  t h e  system t a p e ,  no backspacing occurs . )  A copy of t h e  
F i n a l  Output (un le s s  suppressed) ,  d a t a  p e r t a i n i n g  t o  t h e  ran-  
d o m  number genera tor  ( i f  u sed ) ,  and t h e  f i r s t  and l a s t  MATT 
numbers a r e  always w r i t t e n  on t h e  system t a p e .  

36, KTAPOU = Punch Output Tape Number ( 0  = 7 ) .  This 
column c o n t r o l s  t h e  t a p e  numbers, on-l ine ope ra to r  in-  
s t r u c t i o n s ,  and program pauses f o r  t h e  punched output  i n  a 
manner e x a c t l y  analogous t o  t h a t  f o r  t h e  p r i n t e d  output .  

, 
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The punched ou tpu t  consists of a s i n g l e  RANDNO card a t  
t h e  end of each Job b e a r i n g  the f i n a l  random number of t h a t  
Job (the one which i s  used as t h e  s t a r t i n g  random number on 
t h e  fol lowing Job, u n l e s s  a new RANDNO card i s  read i n ) ,  and 
a c o n t r o l  number. (For an  exp lana t ion  see the s e c t i o n  on 
the RANDNO ca rd . )  I f  a blank or a ze ro  appears  i n  N CTRL 
ca rd  column 36, the punched ou tpu t  i s  a l l o c a t e d  t o  the 
system tape f o r  punched output  ( t a p e  7 a t  t h i s  s i t e ) .  

B37(1) P e r m i t  Unequal FOGVEC Words. The check of the  
overstrike c h a r a c t e r s  ass igned t o  t h e  L e f t  and Right  Bank 
inco rpora t e s  a check t o  see t h a t  the same number of 
characters are assigned t o  each. This i s  t o  prevent  t h e  
p o s s i b i l i t y  of an error i n  t h e  p r e p a r a t i o n  of the  FOGVEC 
c a r d  which would r e s u l t  i n  f e w e r  c h a r a c t e r s  be ing  ass igned  
t o  one Bank than  t h e  other. (For example, s t a r t i n g  the 
FOGVEC L e f t  Bank word i n  column 40 i n s t e a d  of 41, f o r  
example, and thus  ending the Right  Bank w o r d  i n  column 55.)  

I f ,  however, it is des i r ed  t ha t  t h e  number of 
overstrike c h a r a c t e r s  d i f f e r  between t h e  Banks, t h i s  check 
may be bypassed b y  a Boolean 1 i n  N CTRL ca rd  column 37. 

B37(2) Save MATT Count, Add NC(52) , and Continue. I f  
Column 37 does n o t  con ta in  a Boolean 2 t h e  MATT Count beg ins  
w i t h  f i rs t  number f o l l o w i n g  t h e  number punched i n  N CTRL 
card columns 63-66(NC(52)). Thus, i f  t h e  l a t t e r  columns 
c o n t a i n  b l anks  or ze ros ,  t h e  first MATT number i s  1. If  a 
Boolean 2 appears i n  N CTRL card column 37, t h e  MATT count  
remaining f r o m  the preceding Job i s  n o t  reset, b u t  t h e  
c o n t e n t s  of N CTRL card columns 63-66 are add& t o  it, and 
t h e  f i r s t  MATT number of t h e  new Job is  one g r e a t e r  than  
t h a t  sum. Thus, if it i s d e s i r e d  t h a t  t h e  MATTS i n  a series 
of Jobs should be s e q u e n t i a l l y  numbered, it i s  only 
necessary  t o  p u t  a Boolean 2 i n  N CTRL c a r d  column 37 f o r  
each Job a f te r  t h e  first i n  the set  and have columns 63-66 
c o n t a i n  b l anks  or  ze ros ,  except  fo r  the f i rs t  N CTRL card 
of t h e  s e t ,  which should c o n t a i n  t h e  d e s i r e d  s t a r t i n g  
number. 

B37 (4)  Mount Addi t iona l  Tape Sec t ion  ( P r i n t  Output ) .  
I f  a t  any time, it i s  des i r ed  t o  u s e  more off-system tapes 
than  t h e  s i x  tapes normally a v a i l a b l e  for a s i n g l e  MATTY 
P a s s ,  t hen  t h e  oversized Pass should be broken down i n t o  t w o  
or more smaller Passes .  However, i f  f o r  any reason more 
than  s i x  off-system tapes must be employed f o r  p r i n t e d  
ou tpu t  on a s i n g l e  Pass,  a Boolean 4 i n  column 37 of t h e  . 
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N cTaL card f o r  t h e  f i r s t  Job t o  be a l loca ted  t o  t h e  
second (or subsequent) tape reel on any tape u n i t  generates  
t he  appropr ia te  on-line operator  i n s t r u c t i o n s  t o  mount a 
new reel  and save t h e  old one, causes  a program pause t o  
permit t h e  opera t ion  t o  take p lace ,  and rewinds t h e  new 
reel. ( I f  N CTRL card  column 35 is blank or contains  a 
zero,  t h e  Boolean 4 i n  column 37 is  ignored.)  

Since a Boolean 4 i n  column 37 genera tes  a change 
reels i n s t r u c t i o n ,  program pause, and tape rewind each t i m e  - it - is  -' used it should appear only on t h e  N CTRL card of t h e  
f i r s t  Job t o  be a l l o c a t e d  t o  a second (or  subsequent) reel  
f o r  a tape  u n i t  previously used. 
on t h e  N CTRL card of any of t h e  Jobs a l loca t ed  t o  t h e  f i r s t  
reel used on any t ape  u n i t .  

It should never be used  

B38 (1) Reverse Black and White Runs, Right Bank. A 
Boolean 1 i n  N CTRL card column 38 produces an  exac t ly  
analogous e f f e c t  upon t h e  Right Bank as a Boolean 1 i n  
column 27  produces upon the L e f t  Bank. However, t h e  Right 
Bank index normally con t ro l l i ng  Black Runs i s  NX and t h a t  
normally c o n t r o l l i n g  White Runs is  NY. The NY index i s  
stepped down one ( i f  a Boolean 1 appears i n  N CTRL card column 
2 8 )  f o r  each genera t ion  of a complete set  of L e f t  Bank 
p a t t e r n s .  Index NX is stepped down one and index NY is  re- 
set each t i m e  index NY goes. t o  0. Index NX and NY a r e  both 
normally i n i t i a l l y  se t  t o  t h e  number of t h e  rightmost 
d i s t r i b u t i o n  appearing on t h e  appropr ia te  Right Bank P DATA 
card .  (However, t h e s e  i n i t i a l  s e t t i n g s  may be a l t e r e d  by 
N CTRL commands €338 ( 2 )  and B 3 8 ! 4 !  

B38(2) N CTRL Takeover, FtB Black Run s t a r t i n g  D i s t r i -  
bu t ion .  A Boolean 2 i n  N CTRL card column 38 produces an 
exac t ly  analogous e f f e c t  upon t h e  Right Bank as a Boolean 
2 i n  column 27 produces upon t h e  Le f t  Bank. However, a l l  
Right Bank P DATA cards are numbered beginning w i t h  t h e  num- 
ber 14, regard less  of the a c t u a l  number of Le f t  Bank P DATA 
ca rds .  Hence, t h e  maximum i n i t i a l  s e t t i n g  of index NX is 
taken from t h e  appropriate  N CTRL card  column 14-26, which 
corresponds t o  t h e  order of t h e  Right Bank P DATA cards  
( i .e. ,  t h e  NX s e t t i n g  f o r  t h e  t h i r d  Right Bank P DATA card 

must appear i n  N CTRL c a r d  column 1 6 ) .  I f  a Boolean 1 
appears i n  N CTRL card column 31, a Boolean 2 i n  column 38 
is  ignored. 

B38(4) N CTRL Takeover, RB White Run S t a r t i n g  D i s t r i -  
bu t ion .  If a Boolean 4 appears i n  N CTRL card column 38, ' 
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t h e  m a x i m u m  i n i t i a l  s e t t i n g  of index NY is  taken f r o m  t h e  
appropr i a t e  N CTRL card  column 14-26. Otherwise a Boolean 
4 i n  column 38 produces an  e x a c t l y  analogous e f f e c t  upon 
t h e  Right Bank as a Boolean  4 i n  column 27 produces on t h e  
L e f t  Bank. I f  a Boolean 1 appears i n  column 31, a Boolean 
4 i n  column 38 i s  ignored. 

41. N u m b e r  of Endf i les  A t  Job End Of Off-System 
Pr in t ed  Output. Any number of Endf i l e  marks from 0 t o  9 may 
be w r i t t e n  a t  t h e  end of t h e  p r i n t e d  output  of each Job 
a l l o c a t e d  t o  an off-system tape by punching t h e  des i r ed  num- 
ber i n  N CTRL card  column 41. A blank i s  read as a zero.  
This f e a t u r e  is  no t  a v a i l a b l e  for off-system t apes  a l l o t t e d  
for  punched output .  I f  a DATA END card  appears a t  t h e  end 
of t h e  Block, t h r e e  Endf i le  marks are automat ica l ly  w r i t t e n  
on a l l  off-system tapes a l l o t t e d  fo r  punched output .  

42. ( N  CTRL card  columns 42-43) Right MATT Margin. 
See N CTRL commands f o r  N CTRL N o .  3 3 .  

43. ( N  CTRL ca rd  columns 44-45) L e f t  MATT Margin. 
See N CTRL commands f o r  N CTRL N o .  3 3 .  

44. ( N  CTRL card  columns46-47) MATT Intermargin.  
See N CTRL commands for  N CTRL N o .  33. 

45. (N CTRL card  columns 48-49) MATT F i r s t  P r i n t  
Line.  See N CTRL B32 (1) . 

46. ( N  CTRL card  col-aina 52-51! W?ATT F i n a l  P r i n t  
Line. See N CTRL B32 (1) . 

51. (N CTRL card  columns 60-62) MATT L i m i t  (0  = 4 ) .  
The maximum number of MATTS which are t o  be p r i n t e d  o u t  
must be entered  i n  N CTRL ca rd  columns 60-62. I f  t h e s e  
columns c o n t a i n  zeros or b lanks  t h e  maximum number of MATTS 
p r i n t e d  o u t  i s  4. I f  t he  "Kickout If MATT Count Overflows'' 
command is used (a Boolean 2 i n  N CTRL card  column 3 2 ) ,  
t h e  number en tered  i n  columns 60-62 should be a t  least  1 
more than t h e  number of MATTS expected, s i n c e  a Kickout 
occurs  whenever t h e  MATT Count equals  t h e  number i n  t h e s e  
columns. The MATT L i m i t  may also be used t o  l i m i t  t h e  num- 
ber of MATTS generated from any one se t  of P DATA card  
d i s t r i b u t i o n s  (see N CTRL B 2 7 ( 2 )  f o r  a f u l l e r  exp lana t ion ) .  
Blanks are i n t e r p r e t e d  as zeros. 
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52. (N CTRL ca rd  columns 63-66) MATT Count Begin 
A f t e r  No .  = . The number of t h e  f i rs t  MATT is  normally 
equa l  t o  t h e  c o n t e n t s  of N CTRL ca rd  columns 63-66 p lus  1. 
However, a Boolean 2 i n  N CTRL card column 37 causes  t h e  
c o n t e n t s  of columns 63-66 t o  be added t o  t h e  e x i s t i n g  MATT 
number, and t h e  f i r s t  MATT number i s  equa l  t o  t h i s  sum 
p l u s  1. Blanks are i n t e r p r e t e d  as zeros. The MATT number 
does n o t  i n  any way e f f e c t  t h e  MATT Count. 

THE N CTRL I D  NAME must  appear i n  N CTRL card columns 
67-72 e x a c t l y  as follows: an  N, a b lank ,  a C ,  a T, an R,  
and an L. 

B. P DATA Card 

The P DATA Card conta ins  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  
numbers f o r  the  gene ra t ion  of t h e  MATTS. Separate sets of 
P DATA cards must be prepared f o r  t h e  L e f t  Bank and Right  
Bank, s i n c e  t h e s e  data a r e  read i n  s e p a r a t e l y .  The f i r s t  
t h i r t e e n  P DATA c a r d s  are  read i n  as L e f t  Bank d a t a ,  and t h e  
l a s t  t h i r t e e n  P DATA cards  as Right  Bank da ta ,  except  as 
provided b e l o w .  

I f  it i s  desired to  u s e  less than  13 P DATA cards f o r  
e i t h e r  or b o t h  Banks, two methods may be employed. P DATA 
c a r d s  which a r e  b lank  except fo r  t h e  I D  Name i n  columns 
67-70 may be placed as spacers  a t  any p o i n t .  They read i n  
and occupy a p o s i t i o n  i n  the  i n t e r n a l  d a t a  a r r a y ,  b u t  a r e  
o the rwise  ignored ( they  a r e  n o t  even p r i n t e d  o u t ) .  That 
i s ,  i f  t'ne first and t h i r d  P DATA cards c o n t a i n  data and the  
second one i s  b lank ,  only t h e  f irst  and t h i r d  P DATA cards 
are used t o  g e n e r a t e  MATTS, b u t  f o r  purposes of N CTRL 
Takeover, L e f t  Bank, the s e t t i n g s  for  LX and fo r  LY for  t h e  
t h i rd  P DATA ca rd  must appear i n  N CTRL card column 3. 
Consequently,  it i s  poss ib l e  t o  f i l l  o u t  a deck of P DATA 
c a r d s  w i t h  enough blank P DATA c a r d s  t o  make 13 f o r  the 
L e f t  Bank and 13 f o r  the Right Bank. 

An a l t e r n a t e ,  and somewhat s p e e d i e r ,  method i s  a v a i l a b l e  
fo r  reading  i n  less than  t h e  f u l l  26 P DATA ca rds .  I f  a 
77 appears i n  columns 65-66 on any of t h e  f i r s t  13 P DATA 
c a r d s ,  the card count  i s  immediately s tepped up  and t h e  
n e x t  c a r d  is  read i n  as  the f o u r t e e n t h  ( i .e. ,  t h e  f i r s t  
R i g h t  Bank) P DATA card. If a 99 appears i n  columns 65-66 
when t h e  P DATA cards a r e  be ing  read  i n  as Right  Bank data ,  
the reading  of P DATA cards  is  immediately te rmina ted ,  and 
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t h e  program procedes t o  t h e  FOGVEC s t a t i o n .  However, i f  a 
99 appears  i n  columns 65-66 when t h e  P DATA cards are 
e n t e r i n g  as L e f t  Bank d a t a ,  i t  is  ignored; s i m i l a r l y ,  a 77 
appearing i n  columns 65-66 when t h e  P DATA ca rds  are e n t e r -  
ing  as Right  Bank d a t a ,  i s  ignored. 

I f  SUBROUTINE SYMTRY is called (by a Boolean 1 i n  
N CTRL card  column 311, no P DATA are read  i n  f o r  t h e  Right 
Bank (i .e. ,  t h e  reading of P DATA cards te rmina tes  a f t e r  
t h e  f i r s t  t h i r t e e n  ca rds  a r e  read i n  or af ter  t h e  f irst  
ca rd  wi th  a 77 i n  columns 65-66 is  r e a d ) .  

The f i r s t  twenty columns of t h e  P DATA card a r e  
d iv ided  i n t o  f i v e  f i e l d s ,  each f i e l d  corresponding t o  a 
complete set  of 4 p r o b a b i l i t y  d i s t r i b u t i o n  numbers. 
D i s t r i b u t i o n  1 i s  taken from P DATA card columns 1-4, 
D i s t r i b u t i o n  2 from 5-8, D i s t r i b u t i o n  3 from 9-12, Dis t r ibu -  
t i o n  4 from 13-16, and D i s t r i b u t i o n  5 from 17-20. The Mean 
Number (MN) f o r  t h e  d i s t r i b u t i o n s  i s  en tered  i n  columns 
21-22. (MN i s  t h e  Mean run  l eng th  t i m e s  4 ,  i .e . ,  a Mean 
N u m b e r  of 10 is  a Mean run l eng th  of 2 1 / 2 ) .  Blanks a r e  
i n t e r p r e t e d  as zeros .  

The p r o b a b i l i t y  numbers (PN)  are t h e  numerators of the 
f r a c t i o n a l  p r o b a b i l i t i e s  (assuming the  denominator i s  a 
f i x e d  4 o r  3, f o r  example), cumulated t o  t h e  r i g h t  i n  each 
d i s t r i b u t i o n .  Thus, t o  f ind t h e  a c t u a l  p r o b a b i l i t y  number 
f o r  any given run l eng th  wi th in  a d i s t r i b u t i o n ,  it is 
necessary t o  s u b t r a c t  t h e  l e f t  hand neighbor (unless  a run 
l eng th  of 1 is being cons idered) .  

For example, t r a n s l a t i o n  of t h e  numbers 1334 punched 
i n  a P DATA ca rd  columns 9-12 t o  f r a c t i o n a l  p r o b a b i l i t i e s ,  
i s  as fo l lows .  The f i r s t  PN of a d i s t r i b u t i o n  i s  equal  
t o  t h e  number i n  t h a t  c o l ~ m n ,  i n  t h i s  case, 1. The next  
and subsequent  P N ' s  are equal t o  t h e  number i n  t h e  column 
minus i t s  l e f t  hand neighbor.  Hence PN(2)  = 3-1 = 2;  PN(3) 
= 3-3 = 0; PN(4) = 4-3 = 1. Dividing a l l  of t h e  P N ' s  by 
4 y i e l d s : & ; ,  2/4 = %;, O ; ,  %. Hence, t h i s  p r o b a b i l i t y  
d i s t r i b u t i o n  gene ra t e s  a run length  of 1 wi th  a p r o b a b i l i t y  
of %, of 2 with  a p r o b a b i l i t y  of %, 
o f  0 ,  and of 4 wi th  a p r o b a b i l i t y  of  %. Thk Mean run  
l eng th  i s  equal  t o  (4 1) + (% 2 )  + ( 0  - 3)  + (% 4)  = 2%- 
The Mean Number  equa l s  4 x 2% = 10  (which should appear i n  
columns 21-22 ) .  Since the o r i g i n a l  d i s t r i b u t i o n  was i n  
P DATA ca rd  columns 9-12, t h i s  i s  th i rd  d i s t r i b u t i o n  on t h a t  
ca rd .  

of 3 w i t h  a p r o b a b i l i t y  

# 
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For example, suppose we w i s h  to  conve r t  the p r o b a b i l i t i e s  
0, &, %, & ( f o r  run l e n g t h s  of  1 , 2 , 3 ,  and 4 r e s p e c t i v e l y )  
i n t o  cumulative PN's and t o  f i n d  t h e i r  MN. F i r s t ,  m u l t i p l y  
by 4 ,  y i e l d i n g  0 , 1 , 2 , 1 .  Then, m u l t i p l y  each number by i t s  
corresponding run l eng th  and sum t h e  p roduc t s  t o  ge t  t h e  
Mean number, i .e. ,  MN = ( 0  1) + (1 2 )  + ( 2  3) + 
(1 4 )  = 13. To get  t h e  cumulative P N ' s ,  form t h e  cumulat ive 
sums of each PN w i t h  i t s  l e f t  hand neighbor ,  i .e. ,  P N ( 1 )  = 0; 
P N ( 2 )  = 0 + 1 = 1; PN(3) = 1 + 2 = 3;  PN(4) = 3 + 1 = 4. 

Any d i s t r i b u t i o n  t o  the r i g h t  of t h e  zero d i s t r i b u t i o n  
i s  ignored. A l l  P DATA cards  wi th  ze ro  mean's ( i . e . ,  columns 
21-22 b lank  or con ta in ing  z e r o ' s )  are ignored,  even i f  
t h e  P r o b a b i l i t y  Check i s  suppressed by t h e  a p p r o p r i a t e  
N CTRL ca rd  code. The d i s t r i b u t i o n s  f o r  t h e  Black and 
White Runs f o r  e i t h e r  t h e  Lef t  Bank or Right Bank are a l w a y s  
taken  from t h e  same P DATA card .  Hence, i f  a l l  of t h e  d i s -  
t r i b u t i o n s  on t h e  ca rd  average t o  t h e  mean, t h e  mean Black 
and White run  l eng ths  are always equal ,  y i e l d i n g  an average 
p r o b a b i l i t y  of 4 t h a t  any a r b i t r a r y  square  i s  e i t h e r  b l a c k  
or whi te .  

The P DATA I D  NAME m u s t  appear i n  P DATA card  columns 
67-72 e x a c t l y  as fo l lows:  A P,  a b l ank ,  a D, an  A ,  a T ,  
and an A .  

C. FOGVEC Card 

The FOGVEC Card immediately fol lows t h e  P DATA card  (s), 
if. it is  included i n  t h e  Job. The TOGVEC card must be Fn- 
cluded i n  t h e  f i r s t  Job of a Pass and i n  every Job i n  which 
a Boolean 4 appears  i n  N CTRL ca rd  column 34. The FOGVEC 
c a r d  must be omit ted from every Job a f t e r  t h e  f i r s t  which 
does n o t  have a Boolean 4 i n  N CTRL card  column 34. 

Columns 41-48, i nc lus ive ,  of t h e  POGVEC c a r d  c o n t a i n  
the L e f t  Bank o v e r s t r i k e  c h a r a c t e r s  ( L e f t  Bank word); 
coJumns 49-56, i n c l u s i v e ,  con ta in  t h e  Right  Bank o v e r s t r i k e  
c h a r a c t e r s  (Right  Bank word). The words must be packed t o  
t h e  l e f t  i n  the i r  r e s p e c t i v e  f i e l d s :  a b lank  t o  t h e  l e f t  of 
any c h a r a c t e r  w i t h i n  a word i n i t i a t e s  an Error  Routine. Each 
word i s  checked s e p a r a t e l y .  Normally, b l anks  t o  t h e  r i g h t  
of each o v e r s t r i k e  word (providing t h e  word c o n t a i n s  a t  
l eas t  one o v e r s t r i k e  c h a r a c t e r )  are ignored: however, i f  a 
b l a n k  i s  d e t e c t e d  w i t h i n  t h e  word, a l l  b lank  columns i n  t h e  
word are l i s t e d .  
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A check i s  also made t o  see t h a t  t h e  o v e r s t r i k e  words 
c o n t a i n  t h e  same number of o v e r s t r i k e  c h a r a c t e r s .  This 
check may be bypassed ( i f  it i s  d e s i r e d  t h a t  t h e  words of un- 
equa l  l e n g t h )  by p u t t i n g  a Boolean 1 i n  N CTRL ca rd  column 
37. 

For example, suppose it is  d e s i r e d  t h a t  t h e  word FOG 
be used f o r  b o t h  the L e f t  Bank and Right Bank. Then t h e  
word must be punched i n t o  the  FOGVEC ca rd  t w i c e  as fol lows:  

Card Column 41  42 43 44 45 46 47 48 49 50 51  52 53 54 55 56 
F O G  F O G  

These t h r e e  c h a r a c t e r  words i n i t i a t e  a t h r e e  t i m e s  oyer- 
s t r i k e  of the letters F, 0, and G i n  each Bank. 

THE FOGVEC I D  NAME m u s t  appear i n  FOGVEC ca rd  columns 
67-72 e x a c t l y  as fol lows:  an  F, an 0, a G ,  a V, a n  E ,  
and a a .  

D. RANDNO Card 

T h e  RANDNO Card immediately follows t h e  FOGVEC c a r d ,  
i f  included,  or  a f t e r  t h e  P DATA c a r d ( s ) ,  i f  included i n  t h e  
Job. The RANDNO Card must be included i n  t h e  f i r s t  Job of 
a Pass and i n  every Job i n  which a Boolean 2 appears  i n  
N CTRL ca rd  column 34. The RANDNO card  must be omit ted from 
every  Job a f t e r  the f i r s t  which does n o t  have a Boolean 2 
i n  N CTRL ca rd  column 34. 

Columns 1-12,  i n c l u s i v e ,  of t h e  RANDNO ca rd  c o n t a i n  t h e  
s t a r t i n g  random number f o r  t h e  Job wi th  which it appears .  
This number must be a n  odd number ( i .e. ,  t h e  number i n  RANDNO 
c a r d  column 1 2  must be e i t h e r  a 1 , 3 , 5 ,  o r  7 ,  b u t  p re fe rab ly  
a 1, s i n c e  t h i s  y i e l d s  the  largest  loop  of random numbers), 
and it must be i n  OCTAL form ( i . e . ,  no e n t r y  i n  any one of 
columns 1-12 may exceed 7 ) .  I f  t w o  i d e n t i c a l  Jobs are 
s t a r t e d  w i t h  t h e  same random number and FOGVEC words, t h e  
MATTS produced w i l l  be i d e n t i c a l ,  s i n c e  t h e  same sequenCe of 
numbers are  genera ted  each t i m e  t h e  same s t a r t i n g  random 
number is  used. (See also t h e  d e s c r i p t i o n  f o r  t h e  use  of 
N CTRL codes B 2 7 ( 1 )  and B38 (1) .)  

A t  t h e  end of  each Job, a new RANDNO ca rd  i s  generated 
by t h e  program which con ta ins  the f i n a l  random number gen- 
e r a t e d  i n  t h a t  Job ( t h e  f i r s t  t o  be used i n  t h e  fol lowing 

r 

- 27 - 



Job, u n l e s s  it c o n t a i n s  i t s  own RANDNO c a r d ) .  

For ease of i d e n t i f i c a t i o n ,  RANDNO card columnS65-66 
are used for  an I D  number which may range f r o m  0-99. I f  
t h e  f i r s t  RANDNO card i n  a P a s s  c o n t a i n s  a b l ank  o r  ze ros  
i n  columns 65-66, it  i s  assigned t h e  number 0 and a l l  sub- 
sequent  RANDNO c a r d s  generated by t h e  program are ass igned  
numbers i n  ascending o rde r .  If a number other than 0 appears  
i n  columns 65-66  t h e  i n t e r n a l l y  ass igned  numbers beg in  w i t h  
t h e  nex t  number. (The numbering system i s  modulo 100, hence 
i f  t h e  I D  number of t h e  f i r s t  ca rd  i n  i s  98, t h e  i n t e r n a l -  
l y  genera ted  RANDNO c a r d s  w i l l  bear t h e  numbers 99, 00, 
01 , .  . .) . I f  subsequent RANDNO cards appear i n  t h e  Pass w i t h  
columns 65-66  b lank  or conta in ing  ze ros ,  they are ' ass igned '  
t h e  nex t  number fol lowing the  one ass igned  t o  t h e  RANDNO 
card genera ted  a t  t h e  end of t h e  preceding Job, and the 
numbering con t inues  from t h e r e  ( i .e. ,  a gap of a s i n g l e  I D  
number appears  i n  t h e  generated RANDNO ca rds  for  each Job 
con ta in ing  a RANDNO card  with columns 65-66  blank  o r  con- 
t a i n i n g  zeros).  I f  a subsequent RANDNO card  appears  i n  t h e  
P a s s  con ta in ing  an I D  number, a l l  subsequent RANDNO cards 
gene ra t ed  by t h e  program a r e  numbered s e q u e n t i a l l y  from 
tha t  number on. (For example, i f  Jobs 1, 4, and 7 c o n t a i n  
RANDNO c a r d s  w i t h  I D  numbers of 0,  0 ,  and 1 r e s p e c t i v e l y ,  
t h e  genera ted  RANDNO cards  w i l l  bear the  numbers 1 , 2 , 3 , 5 ,  
6 , 7 ,  and 2 . )  

THE RANDNO I D  NAME m u s t  appear i n  RANDNO card columns 
67-72  exactly as follows: an R,  an A,  an N ,  a D,  an N ,  and 
a 0. 

E.  DATA END Card 

T h e  DATA END Card must be prepared e x a c t l y  as fol lows:  
a D must appear i n  column 6 7 ,  an A i n  6 8 ,  a T i n  6 9 ,  an A 
i n  7 0 ,  an E i n  7 1 ,  an N i n  7 2 ,  and an o p t i o n a l  D i n  7 3 .  

F. SYMTRY ROUTINES. The func t ions  of Symtry Routines 
p r e s e n t l y  incorpora ted  i n t o  the program are l is ted b e l o w .  
There i s  ample c a p a c i t y  for  up t o  5 6  r o u t i n e s  w i t h i n  MATTY, 
VERSION 111, and only minor changes would be requi red  t o  
double  t h a t  capac i ty .  Therefore,  it i s  expected t h a t  t h e  
number of Symtry Routines w i l l  qu ick ly  grow l a r g e r  ( f o r  ex- 
ample, i n c l u s i o n  of t h e  capac i ty  t o  gene ra t e  t h e  two-di- 
ment iona l  symmetry p o i n t  groups would u s e  up  m o s t  of t h e  
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p r e s e n t  c a p a c i t y ) .  It i s  t o  be hoped t h a t  u s e r s  w i l l  c o m -  
municate w i t h  t h e  a u t h o r s  regarding any Symtry Routines 
added. 

It is  t o  be noted,  t h a t  i f  t h e  SYM SUBROUTINE b ina ry  
deck is  proper ly  c o l l a t e d  wi th  t h e  res t  of t h e  deck, a 
g iven  Symtry Routine c a l l  number may be used t o  gene ra t e  any 
one of an unl imi ted  number of func t ions ,  depending upon 
which SYM b i n a r y  deck is included wi th  t h e  program deck on 
t h a t  Pass. 

SYMTRY ROUTINE 1 ( c a l l e d  by a Boolean 1 i n  N CTRL ca rd  
column 26, i .e. ,  a decimal 1 ,3 ,5 ,  or  7 )  g e n e r a t e s  a basic 
p a t t e r n  which i s  a mirror image of t h e  L e f t  Bank. That i s ,  
t h e  L e f t  Bank r i g h t  border  ( a t  t h e  In te rmargin)  appears  as 
t h e  Right Bank l e f t  border .  I f  t h e  Lef.t Bank i s  wider 
t han  t h e  Right  Bank, t h e  Right Bank p a t t e r n  is  t runca ted  
a t  t h e  Right  Margin, except as  noted b e l o w .  The d i r e c t i o n  
of gene ra t ion  of  t h e  Right Bank may be reversed  by t h e  
a p p r o p r i a t e  N CTRL command, i n  whioh c a s e  t h e  l e f t  bo rde r  
o f  t h e  Right Bank corresponds t o  t h e  L e f t  Margin of t h e  
L e f t  Bank. The proper  N CTRL command a l so  causes  a 'neg- 
a t i v e '  image t o  be generated.  

I f  t h e  L e f t  Bank i s  n a r r o w e r  than t h e  Right  Bank, a f t e r  
t h e  Right Bank image of t h e  L e f t  Bank is  genera ted ,  an 
exact d u p l i c a t e  of t h e  Lef t  Bank i s  genera ted  t o  t h e  r i g h t  
o f  t h e  image; t h e r e a f t e r ,  t h e  image p a t t e r n  and L e f t  Bank 
p a t t e r n  a l t e r n a t e  u n t i l  the  Right Margin i s  reached. I f  
t h e  Right Margin i s  a t  c o l m n  120 and t h e  L e f t  Margin i s  t o  
the r i g h t  of column 1, the  p a t t e r n  cont inues  'around'  
column 120 i n t o  column 1 and cont inues  on u n t i l  t runca ted  
a t  t h e  l e f t  of t h e  L e f t  Margin. 

SYMTRY ROUTINE 2 ( ca l l ed  by  a l o g i c a l  2 i n  N CTRL ca rd  
column 26, i .e , ,  a decimal 2 ,3 ,6 ,  or 7 )  gene ra t e s  a pa t -  
t e r n  e x a c t l y  similar t o  t h a t  of Symtry Routine 1, except  
t h a t  it i s  i n v e r t e d ,  i .e.,  t h e  f i r s t  l i n e  of t h e  L e f t  Bank 
p a t t e r n  appears as t h e  l a s t  l i n e  of t h e  image p a t t e r n .  

8 
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Appendix 1 

Sample Se t  of 2 1  p a t t e r n s  generated by MATTY 

The t a b l e  g ives  the p r o b a b i l i t i e s  f o r  black and-white 
runs  of 1, 2, 3 ,  and 4 cells.  T h e  Mean run l eng th  (X)  i s  the 
s t a t i s t i c a l  average of both b l a c k  and w h i t e  runs .  The sample 
set of p a t t e r n s  show selected p o s s i b l e  changes i n  p r o b a b i l i t y  
d i s t r i b u t i o n s  of black and white  runs.  



P a t t e r n  3 
N u m b e r  

PROBABILITY OF RUN LENGTHS FOR 21 SAMPLE PATTERNS 
(120 x 72 character p o s i t i o n s )  

R i g h t  1 2 3 4  - 
X = 2.50 % % % % 

LEFT S I D E  
P r  obab i 1 it ie s Mean 

B l a c k  White 
1 2 3 4 1 2 3 4 X 

.25 .75 .25 .75 3.50 

.5 .5 .5 .5 3.50 

11 .25 .75 .25 .75 3.25 

15 .25 .25 . 5  .25 .25 .5 3.25 

16 .25 .25 . 5  -25 .25 .5 3.00 

26 .25 .5 .25 .25 .5 .25 3.00 

37 .25 .25 .5 .25 .25 .5 2.75 

42 .25 .5 .25 -25 .5 .25 2.75 

54 .25 .25 .25 .25 .25 .25 .25 .25 2.50 

120 .25 -25 .25 .25 .25 .25 .25 .25 2.50 

0 125 -25 .75 .25 .75 2.50 

t30 .5 .5 .5 .5 2.50 

146 .25 .5 .25 .25 .5 .25 2.25 

151 .5 .25 .25 .5 .25 .25 2.25 

157 .5 .25 .25 .5 .25 .25 2.00 

167 .5 .5 .5 .5 2.00 

173 -75 .25 .75 .25 1.75 

181 .5 .25 .25 .5 .25 .25 1.75 

182 .75 .25 .75 -25 1.50 

185 .5 -5 .5 .5 1.50 

186 .75 .25 .75 .25 1.25 
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Appendix 2 

Program Descript ion 

Following i s  a desc r ip t ion  of the MATTY program log ic .  
T h e  program and subroutines are described i n  s u f f i c i e n t  d e t a i l  
t o  enable  a programmer t o  modify it a s  des i r ed  and/or t o  w r i t e  
maximally e f f i c i e n t  Sym Subroutines. 



Proqram Desc r ip t ion  

R e s t r i c t i o n s  

(1) The output  from t h i s  program w i l l  be on t a p e s ,  and 
t h e s e  ou tpu t  t apes  must be run on a 1401 system equipped wi th  
a 1403 (or  equ iva len t )  p r i n t e r  i n c o r p o r a t i n g  t h e  o v e r s t r i k e  
f e a t u r e .  

( 2 )  The i n p u t  f o r  th i s  program must appear on t a p e ,  a l -  
though t h e  r e a d i n  may be changed t o  ca rds  by r e l a t i v e l y  minor 
mod i f i ca t ion  of Main Program Block 1000. The logical  number 
of t h e  i n p u t  tape (NTAPIN)  is set i n  SUBROUTINE LIMITS. 

( 3 )  The ou tpu t  for  t h i s  program w i l l  appear on t apes  
des igna ted  by t h e  u s e r  on the  N CTRL card. However, t h e  pro- 
gram must be modified t o  proper ly  i d e n t i f y  t h e  l o g i c a l  numbers 
of  t h e  system t apes  i n  use  a t  t h e  u s e r ' s  s i t e ,  o r  i n c o r r e c t  
tape handl ing  and/or damage t o  system t apes  may r e s u l t .  I n  
SUBROUTINE LIMITS, t h e  Table TAP should be set f o r  t h e  machine 
u n i t  e q u i v a l e n t s  of the l o g i c a l  t a p e  numbers. (For  example, 
i f  l o g i c a l  8 i s  machine u n i t  B3, then  set  TAP(8) = 2HB3. Un- 
used o r  system t apes  should be se t  equal  t o  GHILEGAL.) However, 
i f  t h e  punch number and l o g i c a l  number d i f f e r ,  s e t  t h e  TAP 
v e c t o r  p o s i t i o n s  corresponding t o  both  t h e  punch numbers and 
the logical  t a p e  number t o  the machine u n i t  equ iva len t .  (For 
example, i f  a 1 punch i s  converted t o  a l o g i c a l  10,  and t h e  
machine u n i t  equ iva len t  i s  B 5 ,  then TAP(1)  and TAP(10) should 
b o t h  be se t  equal  t o  B5, even though TAPE 1 i s  an  ' i l l e g a l '  
t ape . )  NU should be se t  equal  t o  t h e  va lue  of t h e  l o g i c a l  
ni-irnber of t h e  system p r i n t  ou tpu t  t a p e ,  and KU t o  t h e  va lue  of  
the logical number of the punch ou tpu t  t ape .  

SUBROUTINE TAPNO should be modified a s  fol lows:  JTAP 
should be set equa l  t o  J N C  (which i s  equal  t o  t h e  number punched 
i n  column 35 o r  36 of the N CTRL c a r d )  and then  J N C  set  equa l  
t o  1 f o r  a l l  cases where the N CTRL ca rd  e n t r i e s  i n  column 35 
or 36 are the same as the logical  numbers of t h e  t apes  t o  be 
used ,  u n l e s s  t h e s e  are system tapes. For JNC v a l u e s  equa l  t o  
system tape logical numbers, do n o t  se t  JTAP, b u t  se t  J N C  
e q u a l  t o  2 i f  t h e s e  are inpu t  tapes, or equal  t o  3 i f  t h e s e  
are  ou tpu t  t apes .  ~f it is d e s i r e d  t h a t  c e r t a i n  va lues  i n  t h e  
N CTRL ca rd  columns no t  equal t h e  logical  number ( a s ,  i f  i t  
i s  d e s i r e d  t h a t  a 1 punch equa l  t h e  l o g i c a l  number lo), t h e s e  
should  be s e p a r a t e l y  set  (by s e t t i n g  JTAP t o  the d e s i r e d  v a l u e )  
and JNC se t  t o  1 before execut ing a RETURN. 

SUBROUTINE FINISH should be modified t o  p rocess  only 
8 
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Proqram Desc r ip t ion ,  Main Program 

.( 1) The START O F  MATTY, BLOCK NUMBER 0000, i s  used f o r  
t h e  main program dimension and common s t a t emen t s  and f o r  
t h e  d e f i n i t i o n  of P a s s  v a r i a b l e s  ( t h o s e  v a r i a b l e s  which 
are n o t  reset between Jobs) .  SUBROUTINE LIMITS sets a 
number of Pass v a r i a b l e s  whose d e f i n i t i o n  depends upon 
local  system usage (hence, t o  change t h e  va lue  of these 
v a r i a b l e s  i t  i s  only necessary t o  recompile the subrou- 
t i n e ) .  Of t h e s e ,  J T  is the maximum number of  MATTS 
which may be w r i t t e n  on any one Job: TAP is  t h e  table 
which conver t s  t h e  l o g i c a l  t a p e  numbers t o  t h e  a c t u a l  
u n i t  t a p e  numbers f o r  on- l ine  o p e r a t o r  i n s t r u c t i o n s :  
M 2  i s  an  adjustment  f a c t o r  f o r  t h e  page count  f o r  each 
Job: M3 i s  t h e  number of  headings p e r  page a t  8 l i n e s  
p e r  inch:  JLL i s  the maximum number of  MATT l i n e s  which 
can be p r i n t e d  on off-system t a p e s  ( 6 8 0 )  : N T A P I N  i s  
ass igned  t h e  l o g i c a l  number of  t h e  system ( o r  o t h e r )  d a t a  
i n p u t  tape:  NU and KU a r e  ass igned  t h e  l o g i c a l  numbers 
f o r  t h e  system P r i n t  and Punch Tapes, r e s p e c t i v e l y .  A 
program check is made t o  see i f  SENSE SWITCH 5 i s  down: 
i f  it i s ,  t h e  program p r i n t s  an on- l ine  r eques t  t o  se t  
a l l  SENSE SWITCHES up, sets a f l a g ,  and pauses.  

The NC Vector i s  dimensioned for 80 l o c a t i o n s ,  
making 15 p o s i t i o n s  (53-69, 72-79) a v a i l a b l e  f o r  f u t u r e  
program modif ica t ions .  The V e c t o r  SC which precedes NC 
i n  COMMON storage i s  e f f e c t i v e l y  equivalenced t o  NC by 
g i v i n g  it a dimension of  0. (The SC form i s  used f o r  
t h e  Boolean express ions ,  which r e q u i r e  a F ioa t iEg  P z i n t  
v a r i a b l e  form.) NC (or  SC)  80 should no t  be used,  as 
i n  c e r t a i n  s p e c i a l  condi t ions  i t  i s  used by t h e  I B N K  
Matrix:  NC (or S C )  70 i s  used by SUBROUTINE SYMTRY: and 
NC (or  SC) 71 i s  used f o r  the p r i n t o u t  of t h e  random 
numbers i n  MATT Heads. 

( 2 )  The I N I T I A L  RESET, READIN,  AND READOUT, BLOCK NUMBER 
1000 d e f i n e s  m o s t  of t h e  impor tan t  program Job v a r i a b l e s ,  
and procedes t o  read t h e  f i r s t  (or  n e x t )  Job d a t a .  The 
f irst  ca rd  i s  checked t o  see i f  i t  is  a DATA END card :  
if i t  i s  n o t ,  i t  i s  checked t o  see i f  i t  i s  an  N Cont ro l  
(N CTRL) Card and, i f  i t  i s ,  i t  i s  read  i n .  (The some- 
what complicated method of  reading  the N CTRL ca rd  i s  t o  
avoid des t roy ing  t h e  e x i s t i n g  N CTRL d a t a  i f  t h e  carfd a t  

’ 
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t h e  N CTRL s t a t i o n  is not an N CTRL c a r d ,  and t o  avoid 
an EXEM Kickout if t h e  FOGVEC card  i s  a t  t h e  N CTRL 
s t a t i o n ,  and a lphabe t i c  d a t a  a r e  i n  t h e  numeric f i e l d .  
The formats of t h e  da ta  cards  are such t h a t  an EXEM 
Kickout cannot  occur no mat te r  how t h e  ca rds  a r e  arranged,  
providing they do not  contain i l l e g a l  d a t a . )  
N CTRL card i s  read, t h e  L e f t  Bank P r o b a b i l i t y  Data 
a r e  read. The program assumes t h a t  t h e  f i r s t  t h i r t e e n  
P DATA cards  a r e  f o r  t h e  L e f t  Bank un le s s  a 77 appears 
i n  columns 65-66, i n  which case  it recognizes  t h a t  card 
t o  be t h e  l a s t  P DATA card f o r  t h e  L e f t  Bank. The next  
t h i r t e e n  cards  a r e  ass igned t o  t h e  Right Bank, un le s s  
SUBROUTINE SYMTRY i s  c a l l e d  o r  a 99 appears i n  columns 
65-66, i n  which case  the  program immediately goes t o  t h e  
next  s t a t i o n .  I f  t h i s  i s  t h e  f i r s t  Job,  o r  t h e  FOGVEC 
c h a r a c t e r s  prev ious ly  read i n  w e r e  d e f e c t i v e ,  o r  i f  t h e  
N CTRL card  so d i r e c t s ,  t h e  program now a t tempts  t o  read 
a FOGVEC card (and the  f l a g  NOFOGV i s  set  t o  0 ) .  F i -  
n a l l y ,  i f  t h i s  i s  t h e  f i r s t  job ,  o r  t h e  RANDNO number 
prev ious ly  read i n  was d e f e c t i v e ,  o r  i f  t h e  N CTRL card 
so  d i r e c t s ,  t h e  program now a t tempts  t o  read a RANDNO 
card  (and t h e  f l a g  NORAND is set  t o  0 ) .  I f  a new ran- 
dom number i s  read,  t h e  o p e r a t i o n a l  random number, ORA, 
i s  se t  equal  t o  t h e  value of t h e  new random number, ORAN, 
o therwise ORAN i s  set  equal  t o  t h e  e x i s t i n g  va lue  of 
ORA, which a t  this  t i m e  con ta ins  t h e  l a s t  random number 
generated on t h e  previous Job. 

Af t e r  t h e  

I f  a t  any p o i n t  i n  t h e  r ead in ,  an i n c o r r e c t  card 
i s  sensed a t  some s t a t i o n ,  the Z G ~  is A&r-~ptly Terminated 
and t h e  program goes on t o  t h e  next  Job ( u n l e s s  t h e  
N CTRL card  cal ls  f o r  a Kickout,  i n  which case  t h e  Pass 
i s  t e rmina ted ) .  
t h e  Pass ,  and each N CTRL card i s  read a s  t h e  beginning 
of a new Job, even i f  i t  was t h e  cause of t h e  te rmina t ion  
of t h e  previous Job. 

A DATA END card a t  any p o i n t  te rmina tes  

NC(35) and NC(36) a r e  checked t o  see i f  off-system 
t apes  are requested f o r  e i t h e r  t h e  p r i n t e d  o r  t h e  punched 
output .  I f  n o t ,  t h e  t ape  check and set  s e c t i o n  i s  by- 
passed and NTAPOU and KTAPOU r e t a i n  t h e i r  o r i g i n a l  s e t t i n g ,  
which is  f o r  t h e  system p r i n t  and punch t apes  r e s p e c t i v e l y  
( i .e. ,  Nu and KU which a r e  set  t o  l o g i c a l  6 and 7 ,  re- 
s p e c t i v e l y ,  a t  t h i s  s i t e ) .  I f  NC(35) conta ins  any num- 
ber o t h e r  than ze ro ,  it i s  assumed t o  be a r eques t  f o r  an 

e 
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off-system t a p e  f o r  p r in t ed  output  and SUBROUTINE TAPNO 
i s  c a l l e d .  A one i s  converted t o  l o g i c a l  t e n  ( s i n c e  log- 
i c a l  one a t  t h i s  s i t e  is the  IBSYS l i b r a r y  t a p e ) :  f i v e ,  
s i x ,  and seven ( t h e  l o c a l  system t a p e s )  a r e  r e j e c t e d ,  and 
t h e  f l a g  W R I  i s  set  t o  t h e  appropr i a t e  c l a s s  of e r r o r  
(on t h e  r e t u r n  t o  t h e  Main Program). W R I  i s  l a t e r  checked 
and i n i t i a t e s  an Error  Routine if it i s  no t  zero .  A check 
i s  a l s o  made t o  see t h a t  t he  assigned number has  not  pre-  
v ious ly  been used nor i s  p resen t ly  reques ted  f o r  punched 
output  ( i f  it has  o r  i s ,  an e r r o r  i s  s igna led  and W R I  i s  
a p p r o p r i a t e l y  s e t ) .  

Within t h e s e  c o n s t r a i n t s ,  t h e  p r i n t e d  output  i s  assigned 
t o  t h e  t a p e  number contained i n  NC(35),. I f  NC(36) con ta ins  
any number o the r  t han  zero,  s i m i l a r  adjustments  and checks 
are made before  a l l o c a t i n g  t h a t  number f o r  t h e  punched out-  
p u t  t ape .  I f  any l e g a l  off-system t a p e  is  reques ted ,  SUB- 
ROUTINE TAPOU 
i n s t r u c t i o n s  and t h e  program pauses  t o  permit  t h e  opera tor  
t o  mount t a p e s .  I f  t h e  tape  r eques t  was i l l e g a l ,  a l l  out-  
pu t  appears  on t h e  system t a p e  (TAPOU i s  not  c a l l e d ) ,  b u t  
an on-l ine message no te s  t h e  Job number and s t a t e s  t h a t  an 
e r r o r  occurred,  without  causing a pause ( t h i s  is  accomp- 
l i s h e d  i n  Subrout ine WRITE): on- l ine e r r o r  messages a r e  
p r i n t e d  only i n  t h e  event of an Abrupt Program Termination, 
o r  i f  an off-system t a p e  was reques ted  f o r  t h e  Job. I n  t h e  
event  of any error occurr ing a f t e r  t h e  Readin phase,  t h e  
e r r o r  f l a g  NOEXEC is set azd t'ne prngram cont inues ,  bu t  
t h e  MATT genera t ion  and p r i n t o u t  a r e  suppressed. Thus, da t a  
e r r o r s  a r e  normally de tec ted  on one pass .  

genera tes  t h e  appropr i a t e  on-l ine opera tor  

Unless t h e  I n i t i a l  Output i s  suppressed by t h e  N CTRL 
ca rd ,  t h e  program procedes t o  write a copy of a l l  of t h e  
d a t a  onto t h e  assigned tape:  blank N CTRL and P DATA ca rds  
a r e  not  l i s t e d .  I f  the system p r i n t e d  output  t ape  is  be ing  
used, t h e  maximum number of MATT l i n e s  is set  t o  50: i f  an 
off-system t a p e  is  be ing  used,  t h e  maximum number of MATT 
l i n e s  is set t o  t h e  value JLL def ined  i n  SUBROUTINE LIMITS. 
M5 is  set equal  t o  t h e  t o t a l  number of pages of I n i t i a l  
Output and F i n a l  Output, which depends upon N CTRL coding. 

( 3 )  The coding f o r  I B N K ( A , B , C )  is a s  fol lows:  A repre-  
s e n t s  t h e  P DATA Cards r ead  i n t o  t h e  IBNK matr ix  and is  
equal  t o  t h e  p o s i t i o n  of t h e  ca rd  f o r  Le f t  Bank c a r d s ,  
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e.g. ,  t h e  t h i r d  card  is  entered  a t  IBNK(3,B,C). For t h e  
Right Bank, A equals  t h e  p o s i t i o n  of t h e  ca rd  p l u s  13. 
Thus, the second ca rd  read i n t o  the r i g h t  h a l f  of IBNK is 
en te red  a t  IBNK(lS,B,C). MED is  t h e  index c o n t r o l l i n g  t h e  
Right Bank e n t r i e s  and MEA i s  t h e  index c o n t r o l l i n g  Le f t  
Bank e n t r i e s ,  a l though s ince  MEA i s  also the index used i n  
t h e  a c t u a l  MATT Generation, MEA is  set t o  MED p r i o r  t o  t h e  
genera t ion  of t h e  Right Bank MATT. 

B r e p r e s e n t s  t h e  number of t h e  d i s t r i b u t i o n  i n  a p a r t i -  
cular A e n t r y ,  hence may vary  from one t o  f i v e ,  depending 
upon t h e  number of d i s t r i b u t i o n s  en te red  on t h e  P DATA card 
r ead  i n t o  A.  The index fo r  t h e  Right Bank Black Run Length 
D i s t r i b u t i o n s  is norma l ly  NX and f o r . t h e  Right Bank White 
Run Length D i s t r i b u t i o n s  i s  normally NY (a l though both  d i s -  
t r i b u t i o n s  are taken  from the same A e n t r y ,  s i n c e  t h e  Means 
of t h e  Black and White Run L e n g t h a r e  normally e q u a l ) :  t h e  
index f o r  t h e  Lef t  Bank Black Run Length D i s t r i b u t i o n s  i s  
normally LX and f o r  t h e  Le f t  Bank White D i s t r i b u t i o n  i s  nor- 
mally LY. (Although, again,  s i n c e  LX and LY a r e  also used 
i n  t h e  MATT Generation, LX i s  set  equal  t o  NX and LY t o  
NY p r i o r  t o  t h e  genera t ion  of t h e  Right Bank MATT.) 

C r ep resen t s  t h e  run  l eng th ,  i . e . ,  t h e  number of 
ad jacen t  p r i n t  p o s i t i o n s  of e i t h e r  blanks o r  overs t ruck  
c h a r a c t e r s .  Thus, t h e  adjusted value of IBNK(4,2,3) i s  
equal  t o  t h e  p r o b a b i l i t y  of a r u n  length  of 3 f o r  
d i s t r i b u t i o n  2 011 Left Bank P DATA card 4 .  The 
LL Vector conta ins  t h e  maximum number of d i s t r i b u t i o n s  
f o r  t h e  corresponding IBNK e n t r y .  That i s ,  i f  L L ( 1 2 )  
con ta ins  a 3,  then t h e  t w e l f t h  P DATA card read i n t o  
IBNK conta ins  3 d i s t r i b u t i o n s  (and, hence,  IBNK 
(12,4,C) and I B N K ( 1 2 , 5 , C )  a r e  empty f o r  a l l  va lues  
of C from one t o  f o u r ) .  

(4 1 The LL Vector values a r e  computed i n  LL VECTOR 
I N I T I A L I Z A T I O N  - PART I, BLOCK NUMBER 2000. The 
computation i s  performed by searching f o r  t h e  f i r s t  se t  
of d i s t r i b u t i o n  numbers whose sum i s  0 ,  beginning wi th  
D i s t r i b u t i o n  One ( P  DATA card columns 1 - 4 ) .  However, 
i f  t h e  e n t r y  f o r  t h e  Mean ( P  DATA card columns 21-22)  
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i s  0 ,  t h e  d i s t r i b u t i o n s  age n o t  checked and t h e  LL 
va lue  for t h a t  I B N K  e n t r y  is se t  t o  0.  

I f  SUBROUTINE SYMTRY i s  c a l l e d  o r  any N CTRL 
Takeover i s  ind ica t ed  b y  t h e  N CTRL ca rd ,  LL VECTOR 
I N I T I A L I Z A T I O N  - PART 11, BLOCK NUMBER 2500, begins  by 
w r i t i n g  a copy of t h e  LL Vector va lues  on t h e  ass igned  
tape. I f  an N CTRL Takeover i s  ind ica t ed  f o r  t h e  
L e f t  Bank, N C ( 1 )  through NC(13) ( f r o m  N CTRL card 
columns 1-13) a r e  checked t o  see i f  t h e y  a r e  equal  t o  
or less than  t h e  corresponding LL Vector va lue .  (A 7 
u s  i n t e r p r e t e d  a s  a 0 ,  i .e . ,  use no d i s t r i b u t i o n s  f r o m  
t h i s  l o c a t i o n ,  hence,  it is  always accepted:)  I f  t h e  
N CTRL takeover i s  ind ica ted  f o r  t h e  Right Bank, a 
s i m i l a r  check i s  made of the va lues  0.f NC(14) through 
NC(26) ( f r o m  N CTRL card columns 14-26). Therefore ,  
i f  SUBROUTINE SYMTRY i s  c a l l e d  and a Right Bank N CTRL 
Takeover i s  a l s o  indica ted ,  an  error  cond i t ion  may re- 
s u l t  s i n c e  a l l  o f  t h e  Right Bank LL va lues  have been 
set  t o  0. I f  t h e  I n i t i a l -  Output is n o t  suppressed,  
or i f  a n  error has  occurred, N CTRL card  columns 
1-26 are  w r i t t e n  on t h e  ass igned  t a p e  (it should be 
noted t h a t  t h e  error output  cannot be suppressed) ,  un- 
less the e n t i r e  f i r s t  phase of LL VECTOR INITIALIZATION - 
P a r t  I1 has  been bypassed because n e i t h e r  SUBROUTINE 
SYMTRY i s  c a l l e d  nor  any N CTRL Takeover i s  i n d i c a t e d .  

The second phase of t h i s  program block  begins  wi th  
a check of t h e  f l a g  WR.1 t o  see i f  any t ape  assignment 
error has  occurred,  and i f  it has ,  t h e  Er ro r  Routine 
for  t h a t  cond i t ion  i s  i n i t i a t e d  a t  t h i s  p o i n t .  Then, 
i f  a FOGVEC card  has  been read on t h i s  Job, a check 
i s  made f o r  b l ank  columns t o  t h e  l e f t  of  any c h a r a c t e r  
i n  t h e  L e f t  Bank word (FOGVEC card  columns 41-48) o r  
the Right  Bank word (columns 49-56). A b l ank  f i r s t  
column au tomat i ca l ly  s i g n a l s  an e r r o r .  I f  an error i s  
i n d i c a t e d  a t  any p o i n t  i n  a word, a l l  b lank  columns 
a r e  l i s t e d  i n  t h e  Error  Output, o the rwise ,  b lanks  t o  
the r i g h t  are  ignored.  A f u r t h e r  check i s  made t o  
see t h a t  t h e  number of o v e r s t r i k e  c h a r a c t e r s  fo r  t h e  
t w o  words are  equal ,  and t h e  o v e r s t r i k e  counter  (MOP) 
i s  set  equal  t o  t h e  number of  c h a r a c t e r s  t o  be over- 
s t r u c k .  ( I f  t h e  number of o v e r s t r i k e  c h a r a c t e r s  i n  
t h e  t w o  words a r e  unequal and i f  t h e  N CTRL card does 
n o t  c a l l  for  t h i s  condi t ion ,  an  error i s  s igna led . )  
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I f  no e r r o r  has  been ind ica t ed ,  t h e  NOFOGV f l a g  i s  se t  
and a l l  subsequent Jobs do n o t  a t t empt  t o  read  i n  a 
FOGVEC ca rd  (unless  s o  i n s t r u c t e d  by t h e  N CTRL 
c a r d ) :  i f  an e r r o r  has  occurred,  t h e  f l a g  i s  n o t  s e t  
and a l l  subsequent Jobs u n t i l  t h e  next  Job w i t h  a FOGVEC 
ca rd  a r e  Abruptly Terminated. The Random number i s  
checked t o  see i f  i t  i s  odd, and i f  it i s ,  t h e  NORAND 
f l a g  i s  se t .  The NORAND f l a g  o p e r a t e s  analogously wi th  
respect t o  t h e  RANDNO c a r d  a s  t h e  NOFOGV f l a g  wi th  re- 
spect t o  t h e  FOGVEC c a r d .  

- 

F i n a l l y ,  i f  NC(51) con ta ins  a 999, it i s  s e t  equal  
t o  J T ,  which i s  t h e  maximum number of MATTS permit ted 
on any one Job. If NC(51) does n o t  c o n t a i n  a 999, 
b u t  i s  p o s i t i v e ,  i t  i s  checked t o  see t h a t  it i s  4 J T  
( i f  n o t ,  an error i s  s i g n a l e d ) .  I f  NC(51) i s  L 0 ,  it 
i s  set  equa l  t o  4 .  

( 5 )  I f  t h e  N CTRL c a r d  so i n s t r u c t s ,  t h e  e n t i r e  CHECK 
ROUTINE FOR PROBABILITY TABLE DATA, BLOCK NUMBER 3000, 
i s  bypassed. The N CTRL ca rd  can a l s o  be used t o  
suppress  t h e  check of  t he  Right  Bank P r o b a b i l i t y  Data 
only  ( t h i s  check i s  au tomat i ca l ly  suppressed i f  
SUBROUTINE SYMTRY i s  c a l l e d ) ,  and/or t h e  check t o  d e t e r -  
mine if t h e  d i s t r i b u t i o n  numbers cumulate t o  4 .  (The 
MATT g e n e r a t o r  i s  cons t ruc ted  so t h a t  p r o b a b i l i t i e s  
which a re  m u l t i p l e s  of 113 can be used,  by making t h e  
p r o b a b i l i t y  numbers cumulate t o  3.  I f  numbers l a r g e r  
than  4 are  used, they w i l l  be read a s  4 . )  In  t h e  
main t es t  r o u t i n e ,  t h e  p r o b a b i l i t y  numbers a r e  checked 
t o  see i f  they  average t o  t h e  Mean, and i f  they  cumulate 
t o  t h e  r i g h t .  

(6)  CONTROLLED MATT SIZE, BLOCK NUMBER 4000, se t s  a l l  
of t h e  parameters f o r  the  gene ra t ion  of t h e  MATT. I f  
NC(33) i s  less than 6 ,  the margins a r e  a r b i t r a r i l y  s e t  
t o  t h e  l i m i t s  1 ,60 ,  and 120, r e s p e c t i v e l y ,  and t h e  con- 
t e n t s  of N CTRL card  columns 42-47 ignored.  I f  NC(33) 
equa l s  6 or more, t h e  margins are  taken from those  
columns of  t h e  N CTRL card,  and i f  NC(33) i s  g r e a t e r  
than  6 ,  t h e  margins a r e  increased  by 100 a s  i n d i c a t e d .  
The Right  Margin i s  checked t o  see t h a t  it i s  equal  t o  o r  
less than  120, t h e  Intermargin t h a t  i t  i s  less than  t h e  
Right  Margin and g r e a t e r  t han  or equa l  t o  t h e  L e f t  Margin, 
and t h e  L e f t  M a r g i n  t h a t  i t  i s  g r e a t e r  than  0 .  For 
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example, i f  t h e  margina a r e  s e t  a t  31,30,30 (Right ,  
L e f t ,  and I n t e r ) ,  only a s i n g l e  column of  each Bank w i l l  
be genera ted ,  30 f o r  t h e  Lef t  and 31 f o r  t h e  Right .  
(Thus, t h e  Intermargin i s  a c t u a l l y  taken as t h e  r ightmost  
column of t h e  L e f t  Bank.) I f  NC(33) i s  6 o r  g r e a t e r ,  
a l l  margins must be entered i n  t h e  a p p r o p r i a t e  card  
columns or a M a t t  L i m i t s  Exceeded e r r o r  i s  ind ica t ed ,  
s i n c e  none of  t h e  margins a r e  permit ted t o  be zero.  
( N o t e ,  however, t h a t  i f  NC(33) i s  greater  than  6 ,  a 

b l ank  e n t r y  may be read a s  100.)  Normally, t h e  L e f t  
Bank i sgenera ted  from t h e  r i g h t  t o  t h e  l e f t  and t h e  
Right Bank from t h e  l e f t  t o  t h e  r i g h t ,  b u t  t h e  d i r e c t i o n  
of gene ra t ion  of e i t h e r  or b o t h  Banks may be reversed by 
t h e  N CTRL ca rd .  

I f  NC(32) does not  c o n t a i n  a Boolean 1 (a decimal 
1 , 3 , 5 ,  or 7 on N CTRL card column 3 2 ) ,  then  t h e  con ten t s  
of  N CTRL card  columns 48-51 a r e  ignored and t h e  F i r s t  
Matt  P r i n t  Line i s  set  t o  1 and t h e  Las t  MATT P r i n t  Line i s  
set  t o  J L  ( l i n e  50 if the  system t a p e  i s  be ing  used, 
o r  t h e  va lue  of JLL i f  an off-system t a p e  i s  be ing  
u s e d ) .  I f  NC(32) does c o n t a i n  a Boolean 1, then  t h e  
F i r s t  and L a s t  MATT P r i n t  Lines a r e  s e t  from t h e  N CTRL 
ca rd .  The F i r s t  P r i n t  Line i s  checked t o  see t h a t  it 
i s  greater than  0 and less then o r  equal  t o  t h e  L a s t  
P r i n t  Line,  and t h e  L a s t  P r i n t  Line i s  checked t o  see 
t h a t  it i s  less than  or equal  t o  J L .  Both va lues  
must appear i f  N C ( 3 2 )  contains a Boolean 1, o r  a 
M a t t  L i m i t s  Exceeded e r r o r  i s  s igna led .  

I f  t h e  Margins or the  F i r s t  and L a s t  P r i n t  Lines have 
been e x t e r n a l l y  s e t ,  or i f  SUBROUTINE SYMTRY i s  c a l l e d ,  
or i f  any of t h e  PROBABILITY TABLE DATA CHECKS has  been 
suppressed,  then  t h e  MATT and PRNT mat r i ces  a r e  c l e a r e d  
i n  a l l  l o c a t i o n s .  

(7) RIGHT BANK START, BLOCK NTJMBER 5000, sets s e v e r a l  
index va lues  and then  normally goes t o  R I G H T  BANK CONTROL 
2 ,  BLOCK NUMBER 6500, (unless  SUBROUTINE SYMTRY i s  
c a l l e d ,  i n  which case the  program goes d i r e c t l y  t o  LEFT 
BANK START). I n  RIGHT BANK CONTROL 2 ,  t h e  sequencing 
of d i s t r i b u t i o n s  f o r  t h e  gene ra t ion  of  MATTS i s  begun. 
The r i g h t  h a l f  of t h e  LL V e c t o r  i s  searched f o r  t h e  
f i r s t  p o s i t i v e  va lue ,  beginning wi th  LL(26). (Thus t h e  
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P r o b a b i l i t y  Data a r e  taken out  of IBNK i n  r e v e r s e  order  
from t h a t  i n  which they  were f ed  i n . )  I f  an RB N CTRL 
Takeover i s  i n d i c a t e d ,  the corresponding NC va lue  i s  
a l s o  checked t o  see t h a t  it i s  not  equal  t o  seven: i f  
it i s ,  t h e  corresponding e n t r y  i s  ignored and t h e  search  
cont inues  f o r  t h e  next p o s i t i v e  LL Vector e n t r y .  I f  
no permissable  LL Vector e n t r y  i s  found f o r  an LL 
Vector l o c a t i o n  g r e a t e r  than 1 3  an Error  Routine i s  
i n i t i a t e d .  

I f  such a value i s  found, t h e  indexes f o r  t h e  Black 
Run P r o b a b i l i t y  Di s t r ibu t ion  (NX) and f o r  t h e  White Run 
P r o b a b i l i t y  D i s t r i b u t i o n  (NY) a r e  both set  equal  t o  t h e  
value of t h a t  LL e n t r y ,  which i s  f o r  t h e  h ighes t  
d i s t r i b u t i o n  f o r  t h e  corresponding e n t r y  i n  IBNK 
which r e p r e s e n t s  t h e  rightmost d i s t r i b u t i o n  on t h e  
card  en te red  i n  I B N K  a t  t h a t  po in t ) ' .  I f ,  however, an 
RB Black Run N CTRL Takeover i s  ind ica t ed ,  NX i s  set  
t o  t h e  corresponding NC value ( u n l e s s  t h a t  value is  
zero ,  i n  which case  NX is set t o  t h e  LL Vector v a l u e ) .  
S i m i l a r l y ,  i f  an RB White Run N CTRL Takeover i s  in-  
d i c a t e d ,  NY is set  t o  the corresponding NC value (un le s s  
t h a t  value i s  zero) .  

(and 
P DATA 

A l l  of t h e  indexes used i n  t h e  a c t u a l  MATT Gen- 
e r a t i o n  a r e  now set t o  the  corresponding Right Bank i n -  
dexes ( i . e . ,  IX t o  NX, LY t o  NY, and MEA t o  MED). For 
t h e  normal p o s i t i v e  image, N E G l  i s  s e t  t o  MOP and NEG2 
is  set t o  0;  however, i f  a reversed  ( o r  ' n e g a t i v e ' )  
image is  ind ica t ed  l h y  the  N CTRL ca rd ,  t h e  va lues  of 
t h e s e  v a r i a b l e s  a r e  reversed.  Iii ths  reversed cond i t ion ,  
index NX c o n t r o l s  t h e  Right Bank White Run Lengths and 
NY c o n t r o l s  t h e  Right Bank Black Run Lengths. Then, i f  
t h e  Headings and MATTS a r e  not  both suppressed, and i f  
no e r r o r  has  occurred,  a f u l l  page s k i p  i s  executed and 
t h e  page count ( M a )  is advanced by one. 

(8) The MATT GENERATION, BLOCK NUMBER 7000, produces 
a c o n t r o l  matr ix  which t e l l s  t h e  P r i n t o u t  i n  which co- 
o r d i n a t e s  t o  pu t  an ove r s t r ike  cha rac t e r  (and how many 
t o  pu t  t h e r e )  and i n  which coord ina tes  t o  put  a blank.  It  
i s  he re  t h a t  t h e  ac tua l  MATT p a t t e r n  i s  generated.  (This  
method r e q u i r e s  considerably less  s to rage  than  a c t u a l l y  
s t o r i n g  a l l  of t h e  o v e r s t r i k e  c h a r a c t e r s ,  b u t  i s  consider-  
ab ly  f a s t e r  t han  generat ing t h e  p a t t e r n  l i n e  by l i n e  f o r  



- 10 - 

reasons t h a t  should become obvious.)  I f  an error has  
occurred o r  i f  t h e  N CTRL card so i n d i c a t e s ,  t h e  MATT 
Generat ion i s  bypassed. Depending upon t h e  N CTRL 
c a r d ,  t h e  MATT i s  generated e i t h e r  from t h e  l e f t  t o  t h e  
r i g h t  or  from t h e  r i g h t  t o  t h e  l e f t  ( t h e  normal gen- 
e r a t i o n  is  from t h e  Intermargin t o  t h e  o u t e r  marg ins ) .  
A random number ( I R A )  i s  genera ted  t o  decide whether 
t h e  l i n e  ( L I N )  should s t a r t  w i th  a Black Run o r  a White 
Run. A f t e r  t h e  f i r s t  run ,  t h e  Black and White Runs a l -  
t e r n a t e .  The run l eng ths  a r e  determined by t h e  random 
numbers genera ted  and by t h e  p r o b a b i l i t y  numbers e n t e r e d  
i n  I B N K  f o r  t h e  p a r t i c u l a r  Mean and d i s t r i b u t i o n  in-  
dexed. The l a s t  run is normally t runca ted  a t  a margin. 
It  should be noted t h a t  i f  t h e  d i s t r i b u t i o n  cumulates 
t o  a number less than  4 ,  a l l  random numbers exceeding 
t h e  h igh  number of t h e  d i s t r i b u t i o n  w i l l  be r e j e c t e d .  
Consequently, p r o s a b i l i t i e s  i n  increments of 113, 112, 
o r  1 a r e  p o s s i b l e  (although obviously t h e  two l a t t e r  
sets would be subse t s  of t h e  normal one of i n c r e m e n t s  
of 1,/4). This u n i t  is  pro tec ted  a g a i n s t  looping by a 
check of t h e  l a s t  run length  p o s i t i o n  i n  t h e  I B N K  e n t r y  
t o  o r  less than  any of t h e  p r o b a b i l i t y  numbers. I n  such 
an even t ,  i f  t h e  l a s t  pos i t i on  i s  0 ,  t h e  l i n e  i s  a b r u p t l y  
terminated a t  t h a t  po in t .  Only one Bank of t h e  t o t a l  
MATT p a t t e r n  i s  generated a t  any one t i m e .  I f  t h e  r . ight 
Bank has  j u s t  been generated,  t h e  program procedes t o  
LEFT BANK START: i f  t h e  l e f t  bank has  j u s t  been  gen- 
e r a t e d ,  t h e  program procedes through t h e  MATT PRINTOUT 
(un le s s  SUBROUTINE SYMTRY i s  c a l l e d ,  i n  w k k h  c a s e  t h e  
c a l l  occurs  f i r s t ,  providing no e r r o r  has  occurred . )  

A f t e r  a Right Bank p a t t e r n  has  been genera ted ,  a l l  
p o s s i b l e  L e f t  Bank p a t t e r n s  a r e  genera ted  and each f u l l  
p a t t e r n  w r i t t e n  on tape  b e f o r e  a change i n  t h e  Right 
Bank p a t t e r n  occurs .  Within t h e  g iven  c o n s t r a i n t s ,  119 
d i f f e r e n t  L e f t  Bank p a t t e r n s  a r e  p o s s i b l e ,  a l though it  
i s  p o s s i b l e  t o  genera te  325 L e f t  Bank p a t t e r n s  from one 
set  of 1 3  L e f t  Bank p DATA ca rds .  

(9) I n  LEFT BANK START, BLOCK NUMBER 9000, a f t e r  t h e  
l e f t  h a l f  of the LL Vector has  been searched f o r  t h e  
f i r s t  pe rmis s ib l e  p o s i t i v e  va lue  (assuming t h a t  one 
e x i s t s ,  b u t  if n o t ,  an E r r o r  Routine i s  i n i t i a t e d ) ,  
t h e  program procedes t o  LEFT BANK CONTROL 2 ,  BLOCK NUM- 
BER 10500, where t h e  L e f t  Bank Black Run P r o b a b i l i t y  
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D i s t r i b u t i o n  index (LX) and t h e  L e f t  Bank White Run 
P r o b a b i l i t y  D i s t r i b u t i o n  index (LY) a r e  bo th  set  t o  
t h e  LL V e c t o r  va lue  ( o r  e i t h e r  one or b o t h  may be 
set  t o  t h e  NC va lue ,  a s  t h e  N CTRL ca rd  d i r e c t s ) .  
N o t e  t h a t  t h e  N CTRL can r e v e r s e  t h e  L e f t  Bank l o g i c  
t o  gene ra t e  ' n e g a t i v e '  a l s o ,  i n  which c a s e  LX con- 
t r o l s  White Runs and LY c o n t r o l s  Black Runs. All of 
the  c o n t a n t s  needed f o r  the MATT gene ra t ion  are set  i n  
L e f t  Bank S t a r t  ( s i n c e  o n l y  L e f t  Bank MATTS a r e  gen- 
erated u n t i l  a l l  possible Le f t  Bank combinations a r e  ex- 
h a u s t e d ) .  I f  SUBROUTINE SYMTRY i s  c a l l e d ,  t h e  v a r i a b l e  
f o r  t h e  random number p r i n t o u t ,  S C ( 7 1 ) ,  i s  set  t o  ORA; 
otherwise ,  it remains set  t o  t h e  va lue  of ORA j u s t  p r i o r  
t o  t h e  preceding Right Bank MATT Generat ion.  The pro- 
gram then r e t u n s  t o  MATT Generation andgenerates  t h e  
l e f t  bank' of t h e  MATT. 

The program then  procedes t o  MATT PRINTOUT, BLOCK 
NUMBER 8000, where t h e  MATT Count i s  checked. I f  it 
equa l s  o r  exceeds NC(51), t h e  program goes t o  F I N A L  
OUTPUT, o therwise  it w r i t e s  a complete MATT on t h e  out-  
p u t  t a p e ,  i f  no error has occurred (al though t h e  
Heading and/or  t h e  MATT can b o t h  be suppressed by t h e  
N CTRL c a r d . )  S ince  s e p a r a t e  o v e r s t r i k e  words a r e  used 
f o r  t h e  L e f t  Bank and Right Bank, t h e  PRNT Matrix f i r s t  
s tores t h e  a p p r o p r i a t e  word i n  i t s  l e f t  h a l f  and then 
stores t h e  r i g h t  h a l f  before be ing  w r i t t e n  o u t  t o  pro- 
duce one l i n e  of o a t p u t  (1-8 t i m e s  o v e r s t r i k e ,  depend- 
ing upon t h e  s e t t i n g  of MOP) .  I t  should be noted  that 
t h e  number of ove r s t ruck  c h a r a c t e r s  i s  i n d i v i d u a l l y  
v e r i a b l e  f o r  each MATT coord ina te ,  a l though t h i s  f e a t u r e  
i s  not taken advantage of by t h e  main program. 
ber of characters overs t ruck  i s  equal  t o  t h e  va lue  of 
t h e  number a t  t h e  appropr i a t e  coord ina te  of t h e  Control  
Ma t r ix ,  or t o  t h e  va lue  of MOP, whichover i s  less. The 
c h a r a c t e r s  a r e  taken out  of t h e  FOG Vector beginning 
w i t h  t h e  f i r s t  c h a r a c t e r  for  each word. Thus, if t h e  
MATT coord ina te  va lue  i s  3 ,  b u t  MOP i s  6 ,  and t h e  FOGVEC 
word i s  ABCDEF on ly  the le t ters  A , B ,  and C a r e  over- 
s t r u c k . )  Eventua l ly ,  t h i s  f e a t u r e  w i l l  be u t i l i z e d  by 
one or more Symtry Routines t o  g e n e r a t e  p a t t e r n s  varying 
on ly  i n  shades of grey ,  o r  i n  shades of  g rey  and run 
l e n g t h s .  F i n a l l y ,  SENSE SWITCH 5 i s  checked and, i f  it 

(The num- 
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is  down, a copy of t h e  MATT Heading i s  p r i n t e d  on- l ine .  
I f  SUBROUTINE SYMTRY i s  c a l l e d ,  t h e  program loops back 
t o  r e p e a t  t h e  c a l l  on SYMTRY. Otherwise, t h e  program 
goes on t o  t h e  LEFT BANK CONTROL 1. 

(11) I n  LEFT BANK CONTROL 1, BLOCK NUMBER 9000, index 
LY i s  s tepped down 1 and, i f  LY i s  s t i l l  g r e a t e r  than  
0,  t h e  program r e t u r n s  t o  MATT Generation and gene ra t e s  
a n e w  L e f t  Bank wi th  t h e  new LY d i s t r i b u t i o n  and t h e  o ld  
LX d i s t r i b u t i o n .  I f  SUBROUTINE SYMTRY i s  c a l l e d ,  t h e  
v a r i a b l e  f o r  t h e  random number p r i n t o u t ,  SC(71) ,  is  set  
t o  ORA: otherwise  it i s  reset t o  ze ro  ( s i n c e  a Job does 
no t  begin  wi th  a Le f t  Bank gene ra t ion  u n l e s s  SUBROUTINE 
SYMTRY i s  c a l l e d . )  When LY goes t o  zero ,  LX i s  stepped 
down by  1 and, i f  it i s  s t i l l  p o s i t i v e ,  LY i s  reset  t o  
i t s  s t a r t i n g  va lue  and a new c y c l e  of MATT gene ra t ion  
begun. When LX goes t o  0,  MEA i s  s tepped down u n t i l  a 
n e w  permissible LL(MEA) va lue  g r e a t e r  t han  0 i s  found. 
LX and LY a r e  set  t o  t h i s  new va lue  or t o  NC(MEA) and 
a new c y c l e  i s  begun. When MEA goes t o  0 ,  t h e  program 
goes t o  RIGHT BANK CONTROL 1. 

( 1 2 )  A t  RIGHT BANK CONTROL 1, BLOCK NUMBER 6000, a check 
is made t o  see i f  it i s  d e s i r e d  t h a t  t h e  Right Bank be 
s tepped .  Unless  t h e  N CTRL s p e c i f i c a l l y  ca l l s  f o r  
Right Bank changes, t h e  program goes t o  FINAL OUTPUT 
a t  t h i s  p o i n t .  The p r i n c i p a l  purpose of t h i s  f e a t u r e  
is t o  prevent  excess ive  ou tpu t  i n  c a s e  of a u se r  e r r o r .  
I f  t h e  N CTRL ca rd  c a l l s  f o r  t he  E i g h t  Bank tc? s t e p ,  
NY i s  stepped down 1, a l l  of t h e  MATT gene ra t ion  v a r i -  
a b l e s  are reset f o r  t h e  Right  Bank ( i n  Cont ro l  2 ) ,  a 
new Right Bank MATT i s  genera ted ,  and con t ro l  i s  re- 
turned t o  t h e  LEFT BANK START. The s t epp ing  of  NY, 
NX, and MED i s  analogous t o  t h e  s tepping  of LY, LX, 
and MEA. However, f o r  each t i m e  a Right  Bank index i s  
s tepped down b y  1, an e n t i r e  s e t  of L e f t  Bank p a t t e r n s  
is genera ted .  When MED goes t o  0 ,  t h e  program goes t o  
t h e  FINAL OUTPUT. 

0 

( 1 3 )  F I N A L  OUTPUT, BLOCK NUMBER 11000, checks t o  see i f  
a loop  has  occurred i n  t h e  random number g e n e r a t o r ,  i f  
t h e  N CTRL ca rd  so d i rec ts .  I f  an  e r r o r  has  occurred 
i n  the Job, t h e  l as t  message of t h e  error ou tpu t  i s  
w r i t t e n ;  o therwise ,  the number of pages of ou tput  i s  
c a l c u l a t e d .  I f  t h e  FINAL OUTPUT is n o t  suppressed by 
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N CTRL, t h e  f i r s t  p a r t  w r i t e s  ou t  s u b s t a n t i a l l y  t h e  same 
information a s  t h e  I N I T I A L  OUTPUT (however, some va lues  
change under c e r t a i n  c o n d i t i o n s ) .  
e n t r i e s  on t h e  N CTRL card,  t h e s e  da t a  a r e  w r i t t e n  ou t .  
If t h e r e  have been c a l l s  on XIRAN, (the random number 
gene ra to r )  t h e  da t a  p e r t a i n i n g  t o  t h e  random number 
genera t ion  a r e  w r i t t e n  o u t  ( t h i s  output  cannot be sup- 
p r e s s e d ) ,  and output  is w r i t t e n  f o t  a new RANDNO ca rd  
t o  be punched bear ing  t h e  f i n a l  random number generated 
and a c o n t r o l  number. I f  any N CTRL codes a r e  punched i n  
t h e  N CTRL ca rd ,  SUBROUTINE NCRPRT i s  c a l l e d  t o  l i s t  the 
codes and t h e  program commands generated by them. Then, 
i f  an off-system t ape  has been used, a copy of t h e  F I N A L  
OUTPUT is w r i t t e n  on t h e  system t a p e ,  and the d e s i r e d  
number of Endf i le  marks a r e  w r i t t e n  on t h e  off-system 
t a p e .  The F i r s t  and Last MATT numbers a r e  l i s ted  on t h e  
system t a p e  ( i f  an off-system t a p e  has  been used)  even 
if t h e  FINAL OUTPUT has  been suppressed by t h e  N CTRL 
card.  F i n a l l y ,  if t h e  N CTRL c a l l s  f o r  a Kickout I f  
Er ror  I n  Job and i f  an e r r o r  has  occurred,  o r  i f  it c a l l s  
f o r  a Kickout I f  MC Overflow and t h e  number of MATTS 
generated is equal  t o  the va lue  i n  NC(51), t h e  Pass is 
terminated.  Otherwise the  program r e t u r n s  t o  t h e  I N I T I A L  
RESET, READIN, AND READOUT and r eads  i n  t h e  next Job. 

I f  t h e r e  a r e  any 



Proqram Descript ion,  Subroutines 

SUBROUTINE BAKSP begins by c h e c k h g  t o  see i f  an o f f -  
system tape  has been c a l l e d  for. I f  it has ,  the  off-system 
t ape  is  backspaced t h e  appropriate  number of records,  and 
t h e  output  t ape  numbers a r e  set t o  those f o r  t h e  system out- 
pu t  tapes .  An e r r o r  message p r i n t s  on-l ine ind ica t ing  t h e  
number of t h e  Job i n  which the e r r o r  has occurred. ( I f  the 
p r in t ed  output  has a l r eady  been a l loca ted  to ,  t he  system t ape ,  
t he  backspacing and on-line message a r e  bypassed.) The error 
r e p o r t  heading i s  w r i t t e n  on t h e  system tape ,  con t ro l  i s  re- 
turned t o  t h e  c a l l i n g  subroutine,  where NOEXEC is  increased 
by 1 (NOEXEC i s  a l s o  used t o  number t h e  e r r o r  r e p o r t s ) ,  and 
the d iagnos t ic  e r r o r  message i s  w r i t t e n , .  

ERROR SUBROUTINES ( i d e n t i f i e d  by names ending with the  
l e t t e r  E)  cause a message to be w r i t t e n  on the  system tape  
iden t i fy ing  t h e  da ta  e r r o r  i n i t i a t i n g  t h e  Error  Routine. 
Upon en te r ing  any error subroutine,  t h e  e r r o r  f l a g ,  NOEXEC, 
is checked and, i f  no previous error has  occurred, SUBROUTINE 
BAKSP is  c a l l e d .  

SUBROUTINE F I N I S H  checks hhe off-system tape  f l a g  F I N  
(which is  set only i f  SUBROUTINE TAPOU i s  c a l l e d ) .  I f  t h e  
f l a g  i s  no t  se t ,  the  program sk ips  t o  t h e  SENSE SWITCH f l a g  
check. Otherwise, a message is  pr in ted  f o r  t he  opera tor  t o  
d is regard  a l l  previous i n s t r u c t i o n s ,  and a l i s t  of t h e  tapes  
t o  be saved i s  generated.  I f  a tape is blank because it has 
never been used o r  because a l l  of t h e  Jobs assigned t o  it 
conta in  e r r o r s ,  the  operator  is t o l d  not  t o  save it. Three 
Endf i l e  marks are placed on a l l  punched output tapes  which 
have been used. The approximate number of pages o r  cards  
of output  i s  a l s o  pr inted.  I f  the  SENSE SWITCHES w e r e  a l l  
set  up a t  t h e  beginning of t h e  Pass because of t h e  check a t  
t h a t  po in t ,  a message i s  pr in ted  reminding the  opera tor  t o  
reset them. Then, i f  any off-system tapes a r e  t o  be saved 
or i f  t h e  SENSE SWITCHES a r e  t o  be reset t o  t h e i r  o r i g i n a l  
s e t t i n g ,  t h e  program pauses. 

SUBROUTINE FOGVE . See ERROR SUBROUTINES. 

SUBROUTINE IRAN i s  an unsophis t icated check t o  see i f  
any looping has occurred wi th in  t h e  scope of one Job. (The- 
o r e t i c a l l y ,  t h i s  i s  extremely un l ike ly ,  s i n c e  t h e  range of 
t h e  loop is  of t he  order of l o l o . )  A more soph i s t i ca t ed  

-14- 
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check w o u l d  be t o  see i f  the  pattern of 'random' numbers 
generated f i t  the theore t ica l  m o d e l  ( i . e .  i f  no pecu l i a r  
runs  are generated a t  a greater  than  chance expectation. 

SUBROUTINE I N P U T E .  See ERROR SUBROUTINES . 
SUBROUTINE IRANE.  See ERROR SUBROUTINES.  

SUBROUTINE L I M I T S .  See Main Proqram D e s c r i p t i o n ,  - 
B l o c k  N u m b e r  0000. 

SUBROUTINE MTSTAE. See ERROR SUBROUTYONES. 

SUBROUTINE NCERE . See ERROR SUBROUTINES . 
SUBROUTINE NCRPRT. See Main Proqram D e s c r i p t i o n ,  - 

Block N u m b e r  11000. 

SUBROUTINE PDATAE . See ERROR SUBROUTINES . 
SUBROUTINE SYM. The SYM SUBROUTINES a r e  described 

a t  the  end of t h i s  sec t ion .  

SUBROUTINE SYME. See ERROR SUBROUTINES.  

SUBROUTINE SYMTRY w a s  added t o  g rea t ly  expand the  
capacity of the  program. E s s e n t i a l l y ,  the purpose of the 
d i f f e r e n t  Symtry R o u t i n e s  i s  t o  generate a R i g h t  B a n k  p a t t e r n  
which i s  a f u n c t i o n  of the  generated L e f t  B a n k  p a t t e r n .  
O n l y  t w o  r o u t i n e s  are  availsble a t  this t i m e ,  b u t  the system 
is  capable of handl ing 56 d i f f e r e n t  r o u t i n e s ,  u p  t o  42 of 
which may be called on any one Job. SUBROUTINE SYMTRY 
does no t  i t s e l f  generate any pa t t e rns ,  b u t  in terprets  t h e  
c a l l  commands present i n  N C T R L  card columns 14-26 i n  order 
t o  c a l l  i n  the  appropriate SYM SUBROUTINE for  the a c t u a l  
pattern generation. O n  the very f i rs t  pass through SYMTRY 
a l l  SYM SUBROUTINES d e s i g n a t e d  by the  N C T R L  card are c a l l e d  
i n  and go through t h e i r  error checks o n l y .  I f  a t  the  end 
of the  f irst  pass, the  error f l ag ,  NOEXEC, i s  not  set ,  
the Subrout ine  r e t u r n s  t o  i t s  i n i t i a l  po in t  and goes t o  
the  f irst  SYM SUBROUTINE cal led.  

A f t e r  each SYM SUBROUTINE i s  executed, SYMTRY r e t u r n s  

A t  the  end of MATT PRINTOUT, t h e  program 
t o  the main program for  a complete w r i t e  o u t  of the L e f t  
and R i g h t  B a n k s .  
r e t u r n s  t o  SUBROUTINE SYMTRY and t h e  nex t  SYM SUBROUTINE 
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is  c a l l e d .  Thus, every SYMTRY r o u t i n e  c a l l e d  f o r  is ex- 
ecuted b e f o r e  t h e  L e f t  Bank p a t t e r n  is  permit ted t o  change. 
A f t e r  a new L e f t  Bank p a t t e r n  is  genera ted ,  a l l  of t h e  
SYMTRY r o u t i n e s  a r e  regenerated wi th  t h e  new p a t t e r n .  
Thus, i f  3 L e f t  Bank pa t t e rns  a r e  generated and 30 SYMTRY 
r o u t i n e s  a r e  c a l l e d  f o r ,  90 complete p a t t e r n s  a r e  w r i t t e n  
ou t .  Note t h a t ,  i n  genera l ,  Right  Bank N CTRL e n t r i e s  
such a s  Reverse Black and White Runs, Generate Right Bank 
from Right To L e f t ,  and Margins have the appropr i a t e  
e f fec t  upon t h e  SYMTRY p a t t e r n s  generated.  (It mus t  be 
remembered, however, t h a t  a l l  commands ope ra t e  upon the 
p a t t e r n  generated from t h e  e x i s t i n g  L e f t  Bank p a t t e r n .  
Thus, i f  bo th  the  L e f t  and Right Bank Black and white 
Runs a r e  reversed ,  the SYMTRY Right Bank p a t t e r n  w i l l  be a 
' nega t ive '  of t h e  ' nega t ive '  L e f t  Bank 'pa t t e rn . )  I f  SUB- 

ROUTINE SYMTRY i s  c a l l e d  and N CTRL card  columns 14 through 
26 a r e  b lank ,  only L e f t  Bank p a t t e r n s  a r e  generated and 
w r i t t e n .  

SUBROUTINE TAPNO i s  c a l l e d  i f  any off-system tape  i s  re- 
quested (by a numeric punch o t h e r  than 0 i n  card column 
35 o r  36) f o r  t h e  p r i n t  output  o r  t h e  punch output  (o r  
b o t h ) .  This subrout ine  ass igns  t h e  appropr i a t e  l o g i c a l  
t ape  numbers corresponding t o  t h e  punched numbers i n  these 
card f i e l d s  (according t o  e s t a b l i s h e d  l o c a l  conventions) . 
If an i l l e g a l  number is punched, the l o g i c a l  t ape  number 
remains se t  t o  t h a t  of t h e  system output  tape .  JNC i s  set  
t o  2 if t5e pmch number corresponds t o  a system inpu t  
t ape ,  o r  t o  3 i f  t h e  punch number corresponds t o  a system 
output  t ape .  

SUBROUTINE TAPOU i s  c a l l e d  i f  any l e g a l  off-system 
t apes  a r e  c a l l e d  f o r  by the  N CTRL card.  This subrout ine  
genera tes  t h e  appropr ia te  on-l ine i n s t r u c t i o n s  f o r  the 
ope ra to r  i f  t h e  t apes  have no t  been used prev ious ly  on t h i s  
Pass,  causes  a program pause t o  p e r m i t  him t o  mount t h e  
t a p e s ,  and rewinds t h e  tapes .  I f  t h e  t apes  have been pre- 
v ious ly  used, a simple on - l ine  message i s  pr in ted  i n d i c a t i n g  
t h e  number of t h e  Job assigned t o  t h e  t ape ,  and the  program 
does n o t  pause.. (Vector NTAP logs  p r in t ed  output  and 
KTAP logs  punched output . )  

SUBROUTINE XIRAN is  a f a i r l y  convent ional  random num- 
ber gene ra to r .  However, a l l  p o s i t i o n s  of t h e  random number 
generated i s  chopped w i t h  t h e  execept ion of two b i t s  t o  
t h e  l e f t  of t h e  b i n a r y  po in t  i n  o rde r  t o  produce a random 
number i n  Fixed P o i n t  form varying f r o m  0 t o  3. 



-17- 

SUBROUTINE SYM 1 genera tes  Symtry Routine 1 i f  J A K  
equals  1 or Symtry Routine 2 i f  J A K  equals  2 .  I f  t h e  
N CTRL card so d i r e c t s ,  t h e  Right Bank c o n t r o l  ma t r ix  i s  
generated f r o m  r i g h t  t o  l e f t  by  t h i s  subrout ine  (which 
causes an exac t  image of t he  L e f t  Bank c o n t r o l  ma t r ix  t o  
be produced);  otherwise,  i t  is  generated from l e f t  t o  
r i g h t  (which causes  a mir ror  image t o  be produced).  However, 
a f t e r  each complete Right Bank image is  genera ted ,  a new 
L e f t  Bank image is  generated t o  i t s  r i g h t ,  then another  
Right  Bank image, and so on, u n t i l  t h e  Right Margin is  
reached. I f  t h e  Right  Margin is a t  p o s i t i o n  1 2 0  and t h e  
L e f t  Margin is t o  t h e  r i g h t  of p o s i t i o n  1, then t h e  generated 
ma t r i ces  cont inue 'around'  columns 1 2 0  and 1 t o  t h e  L e f t  
Margin; otherwise t h e  p a t t e r n  is  t runca ted  a t  t h e  Right 
Margin. The N CTRL card can cause thecjenerated Right Bank 
image t o  be a ' nega t ive '  of the  Le f t  Bank image. For 
Symtry Routine 1 (JAK= l ) ,  t h e  Right  Bank l i n e s  correspond 
t o  t h e  L e f t  Bank l i n e s  ( i ;e . ,  t h e  f i rs t  l i n e  of t h e  L e f t  
Bank is used t o  gene ra t e  t h e  f irst  l i n e  of t h e  Right  Bank 
image). For Symtry Routine 2 (JAK = 2 ) ,  t h e  Right  Bank 
image i s  inver ted  wi th  r e spec t  t o  the L e f t  Bank (i .e. ,  
t h e  f irst  l i n e  of t h e  L e f t  Bank is  used t o  gene ra t e  t h e  
l a s t  l i n e  of t h e  Right  Bank image, and so on) .  

I n  gene ra l ,  t h e  con t ro l  ma t r ix  is  produced cont inuously 
f r o m  l e f t  t o  r i g h t  (except t h a t  p o s i t i o n  1 i s  t r e a t e d  a s  
be ing  a t  t h e  r i g h t  of pos i t i on  1 2 0 ) .  The a l t e r n a t i o n  of 
L e f t  and Right  Bank images is produced by a l t e r n a t i n g  t h e  
d i r e c t i o n  of reading t h e  Lef t  Bank c o n t r o l  ma t r ix  (aii3,'ar 
t h e  number s t o r e d ) .  However, t h e  invers ion  i s  produced by 
s tor ing  t h e  image of each L e f t  Bank l i n e  i n  t h e  complementary 
Right  Bank p o s i t i o n .  ( N o t e  t h a t  i f  t h e  d i r e c t i o n  of gen- 
e r a t i o n  of t h e  Right  Bank is  reversed ,  a l l  Right Bank images 
w i l l  be exac t  d u p l i c a t e s  of t h e  L e f t  Bank f o r  Symtry 
Routine 1 and simple invers ions  f o r  Symtry Routine 2 ,  ex- 
c e p t  t h a t  i f  t h e  N CTRL card so d i r e c t s ,  t hese  images w i l l  
appear  a s  'negatived'.) 


